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T. W. Case! and E. Merritt? have recently described experiments in 
which the oxide coated filament of an audion is subjected to illumination, 
with the result of increasing the current between filament and plate. 
In the experiments of Prof. Merritt this added space current was shown 
to be principally due to short wave-length radiation, and was explained 
as a true photo-electric effect, that is, the direct emission of electrons 
due to illumination. He found the added current to be dependent upon 
the filament temperature. This might be taken to indicate that the 
emission of photo-electrons is a function of the temperature of the surface, 
which disagrees with conclusions drawn from experiments upon other 
photo-electrically active materials. 

In some recent experiments we have found this effect to have character- 
istics sufficiently different from those of the true photo-electric effect to 
raise doubts as to the identity of the two phenomena. If they are not 
identical then the new effect is not necessarily evidence for a dependence 
of the photo-electric effect on temperature. 

The experiments here reported have to do with the rate of growth and 
decay of the light induced additions to the space currents. These were 
recorded on a string galvanometer through a distortionless amplifier 
system. In every case voltages were high enough to carry across all 
electrons liberated. A carbon arc lamp with glass condensing lens was 
used as a light source, and between the condenser and the oxide coated 
filament was interposed either a deep red or a deep blue glass (transmitting 
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no red), selected so that the light transmitted by each gave added space 
currents of the same order of magnitude. 


With the deep red glass interposed the added space currents obtained 
upon brief illumination with various heating currents through the fila- 
ment are shown in figure 1. The effect increases regularly with tempera- 
ture, but takes a considerable time to rise and fall at the beginning and 
end of the period of illumination. The times of growth and decay depend 
upon the magnitude of the current, and the curves have the general ap- 
pearance of heating and cooling curves. We believe this red light effect 
to be chiefly due to the heating of the filament by the incident radiation. 
Support of this belief is given by figure 2, in which the same increase of 
space current is caused, first (a) by red light, and second (b) by a sudden 
brief increase of filament heating current. It will be seen that the two 
curves are similar. We have also found that the added space current 
varies with filament current in the way that it would for equal added 
filament-power increments; and that the change of resistance of the 
filament is approximately the same whether the space current increment 
is due to red light or filament current. 


With the blue glass, the energy transmission, as measured by a thermo- 
couple, was only a few per cent that of the red glass, although for a chosen 
filament temperature near the middle of the available range both trans- 
mitted radiations gave the same added space current. The heating 
effect of the blue radiation is therefore negligible, and the added space 
current may be considered as a true light effect. String galvanometer 
records of the added space current due to brief blue illumination, for 
various filament currents (temperatures) are reproduced in figure 3. 
It will be seen at once that the added space currents exhibit a behavior 
essentially different from those due to red light or heating. Whereas 
with red light the current continually increases with temperature, with 
blue light the added current at first increases and then starts to decrease. 
At low temperatures the growth and decay are exceedingly slow. As 
the temperature is raised the rates of growth and decay increase until 
at the highest temperature studied the response appears practically in- 
stantaneous. 


It is the existence of this slow response and its variation with tempera- 
ture that we believe differentiate this effect from the true phkoto-electric 
effect, which, as far as previously known (and in agreement with tests 
made by us on a potassium cell) is instantaneous at all temperatures. 

The true nature of the increased electronic emission under blue illumi- 
nation is not decided by our experiments, but several possibilities suggest 
themselves. It may be a light induced increase in the number of electrons 
available for thermionic emission; or it may be a light induced change 
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in the work function of the surface, so that more of the electrons present 
may escape;® or it may be a light induced change in the chemical nature 
of the surface. In any case there must be ascribed to the light produced 
change a temperature coefficient of speed of response. Some clue to the 
nature of the phenomenon may perhaps be obtained from a study of the 
growth and decay curves. They are not simple exponential curves such 
as would represent the charging and discharging of a condenser. If the 
reciprocal of the square root of the decaying current increment is plotted 
against time, the plots are very nearly straight lines for all temperatures 
(law of phosphorescence decay). Attention may be called to the fact 
that the growth and decay of current represented in the curves in figure 
3 exhibiting slow response at low temperatures and quick response at 
high, are quite similar to the growth and decay of current in selenium 
under illumination, which likewise show a great variation of speed with 
temperature. This analogy suggests that the cause of the light effect 
in the oxide coated filament may be closely related to that which gives 
selenium its photo-sensitive properties. It should also be noted that 
the change of speed of response with temperature would be expected if 
one assumed the effect to be due to a chemical reaction. 

In view of the data presented it is believed that this photo-effect in 
thermionic filaments cannot safely be considered as evidence for a variation 
of the true photo-electric effect with temperature. We suggest the use of 
the term “‘photo-thermionic emission.” ; 

1 T. W. Case, Physic. Rev., 17, 3, p. 398. 
Merritt, Ibid., 17, 4, p. 525. 

_ 3% Koppius (Jbid., Mar. 1921, p. 395) found with oxide coated filaments a — 

in the work function with increasing temperatures. 


GROUP OF ISOMORPHISMS OF A TRANSITIVE SUBSTI TUTION 
GROUP 


By G. A. MILLER 


DEPARTMENT OF MaTHEMATICS, University of ILLINoIs 
Read before the Academy, November 15, 1921 


Let G represent any transitive substitution group of degree n. It 
is convenient to divide the possible automorphisms of G into three cate- 
gories. First, those which can be obtained by transforming all the sub- 
stitutions of G successively by each of its own substitutions. In this 
way the group of inner isomorphisms of G can be found and this group 
is known to be an invariant subgroup of the group of isomorphisms I of G. 
The second category consists of the automorphisms obtained by trans- 
forming G by substitutions on its own letters, which transform G into 
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itself but are not found in G. It will be proved that these automorphisms 
togetlier with the inner ones constitute all the possible automorphisms 
of G'in which the subgroups composed separately of all the substitutions 
of G omitting a particular letter correspond to such subgroups. 

The third category of automorphisms of G is composed of all those in 
which the subgroups composed of all the substitutions of G which omit 
a given letter correspond to subgroups of degree u. Such automorphisms 
are not always possible. In fact it may happen that J is simply isomorphic 
with the group of inner isomorphisms of G. In this case only the first 
category of automorphisms actually exists. A necessary and sufficient 
condition that the first category of automorphisms reduces to the identity 
is that G is abelian. 

To prove the theorem noted at the end of the first paragraph we may 

consider any possible automorphism of G in which the subgroup G; com- 
posed of all the substitutions of G which omit a given letter a corresponds 
to itself while some of the substitutions of this subgroup do not necessarily 
correspond to themselves. In this automorphism every substitution 
of G which involves the letter a must correspond to such a substitution, 
and we shall suppose that the substitutions are represented in such a way 
that this letter appears first. 
_ There are g/n, g being the order of G, substitutions of G in which the 
letter a is followed by any other letter b. If in one of the corresponding 
substitutions under the said automorphisms a is followed by d then this 
must be the case in each of the g/n substitutions which correspond to the 
substitutions beginning with the letters ab. If this were not the case 
as regards some two such corresponding substitutions then the inverses 
of the former of the two given corresponding substitutions into the latter 
would give two corresponding substitutions of which the former would 
oinit the letter b while the latter would involve the letter d. This is im- 
possible since the subgroup composed of all the substitutions which omit 
b must correspond to the subgroup composed of all the substitutions which 
omit d in the automorphism under consideration as a result of the fact that 
a substitution beginning with ab corresponds to one beginning with ad. 

From the preceding paragraph it results that the second letters in all 
of the corresponding substitutions involving the letter a in the said auto- 
morphism determine a single substitution ¢ on the letters of G. This 
substitution does not involve the letter a. It transforms G into a simply 
isomorphic group G’ such that in the corresponding substitutions in- 
volving a the second letters are exactly the same as they are in the second 
group of the automorphism under consideration. If G were not identical 
with this secoud group, as a substitution group, it would be possible to 
establish a simple isomorphism between G and another substitution group 
G’ such that every substitution involving a would correspond to such a 
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substitution and that the second letter in all these corresponding 
substitutions would be the same in every case. 

In this simple isomorphism every two corresponding substitutions 
would be identical. For, if Si, Si’ are any two corresponding substitutions 
such that in S; the letter ¢ is followed by the letter f, and if S2, S,’ are two 
other corresponding substitutions in which the letter a is followed by e 
then S; is obtained by multiplying the inverse of S, into one of the g/n 
substitutions in which a is followed by f. Hence it results that in S,’ 
the letter ¢ is also followed by the f. That is, S; and S,’ are identical. 
In this proof it was assumed that e¢ is not a and that fis not a. If e were 
a then a would be replaced by f in Si’ by hypothesis. If f were a then in 
the inverse of S; the letter a would be replaced by e and hence in the in- 
verse of S,’ the letter a would be replaced by ¢. ‘Therefore the theorem 
again requires no further proof. Hence it has been established that G 
and G’ are identical, and that the automorphism under consideration can 
be effected by transformed G by the substitution ¢ which therefore trans- 
forms G into itself. 

If the subgroup G; had corresponded in the given automorphism to 
a conjugate of G; but different from G, there would be a substitution in 
G which would transform G; into this conjugate. The inverse of this 
substitution into ¢ would transform G into itself and effect the auto- 
morphism in question. It has therefore been proved that every automor- 
phism of G in which the subgroups composed of all the substitutions of G 
which omit a given letter correspond to such subgroups is effected by sub- 
stitutions of the largest group on the letters of G which contains G invari- 
antly. As a particular case of this theorem we have the well known re- 
sult that when G is regular it is transformed into all its possible auto- 
morphisms under its holomorph. 

From the theorem proved in the preceding paragraph it is easy to de- 
duce a method for finding the order of the group of isomorphisms of the 
transitive substitution group G. If G, is of degree n — a the largest group 
on the letters of G which contains G invariantly involves exactly a sub- 
stitutions which are commutative with every substitution of G and hence 
this largest group transforms the substitutions of G according to a group 
whose order is the order of this largest group divided by a. This group 
of transformation is simply isomorphic with the quotient group of this 
largest group with-respect to its invariant subgroup composed of the a 
substitutions which are commutative with every substitution of G. The 
order of the I of G is therefore equal to the order of this quotient group 
multiplied by the number of the different sets of conjugate subgroups of 
G which are such that each set involves a subgroup which corresponds to 
G; in some possible automorphism of G. 

A necessary and sufficient condition that G contains more than one 
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such set of conjugate subgroups is that it contains subgroups of degree 
n and of index with respect to which it can be represented as a transitive 
substitution group which is identical with G. In particular, ¢f a given 
abstract group ts simply isomorphic with only one group in a complete list 
of transitive groups of degree n then this transitive group has outer tsomor- 
phisms tf it contains a subgroup of degree n and of index n which is non- 
invariant and does not involve any invariant subgroup of the entire group 
besides the identity. From this special but useful theorem it follows di- 
rectly that the symmetric group of degree 6 has outer isomorphisms. 
Various writers established this fact by somewhat laborious special meth- 
ods.' It also follows directly from this theorem that the largest imprimi- 
tive groups on six letters which involve 2 and 3 systems of imprimitivity, 


respectively, have isomorphisms which cannot be obtained by trans-. 


forming these groups by substitutions on their own letters. 


While the group of inner isomorphisms is an invariant subgroup of 


I whenever it does not coincide with J it should not be inferred that the 
subgroup of J which corresponds to all the automorphisms of G which 
can be obtained by transforming G by substitutions on its own letters is 
always an invariant subgroup of J. In fact, this is not the case when G 
is the generalized dihedral group of order 16 involving the abelian group 
of type (2, 1) represented as a transitive group of degree 8. When G 
admits automorphisms in which G; corresponds to a subgroup of degree 
n the conjugates of G, are transformed under J according to an imprimitive 
substitution group. One of the systems of imprimitivity of this group 
is composed of the conjugates of G, under G. 


1Cf. O. Hélder, Mathematische Annalen, 46, 1895 (345); W. Burnside, Theory of 
Groups of Finite Order, 1911, p. 209. 


EINSTEIN STATIC FIELDS ADMITTING A GROUP G, OF CON- 
TINUOUS TRANSFORMATIONS INTO THEMSELVES 


By L. P. E1ISsENHART 


DEPARTMENT OF MATHEMATICS, PRINCETON UNIVERSITY 
Communicated by O. Veblen, November 3, 1921 


1. For static phenomena in the Einstein theory the linear element of 
the space-time continuum can be taken in the form V*dxo?—ds*, where 
ds? = z aj, dx; dx, (t, k= 1, 2, 3) (1) 
is the linear element of the physical space S, and the functions V and aj, 
are independent of xo, the codrdinate of time. In this paper we determine 
the functions V and a, satisfying the Einstein equations By, = O and 
such that the space S admits a continuous group G; of transformations 
into itself. Bianchi! has shown that any 3-space admitting such a group 
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is of one of two types: 
(I) ds* = dx,? + adxq? + 2Bdxedxs + 
a, B, y being functions of x, alone, the operators of the group being 
Xi =0/O0%xe, Xe = 0/0%3; 

(II) ds? = + adx,* + 2(8 — x3 (axe? 2Bx2 )dx;?, 
a, 8B, y being functions of x; alone, the operators of the group being 
Xi = 0/dx3, Xo = /Ox2. 

2. By definition 


Ba = > E \_ \ 


where the Christoffel quantities are calculated with respect to the linear 
element of the space-time continuum. When this linear element is taken 


in the form -V*dxo?—ds? as in § 1, the equations B;, = 0 reduce to the 
six equations? 


3 


Ba = 0, (4) 
i,k 
where a™ is the cofactor of'a,, in the determinant of the quantities a, di- 
vided by this determinant; the Christoffel symbols are calculated with re- 
spect to (1), and 


Ba = > {ih, hk} = > ye(u ht), | (5) 


By assuming that S is referred to a triply-orthogonal system, so that 
3 


and 


the linear element may be written ds? = S)/ajdx,* (which is possible in 
1 
any 3-space*), and making use of the relations 
(il,hk) = — (li, hk) = — (il, kh) = (li, kh), 

we find that when B, = 0, then all the functions (i,hk) are equal to 
zero. This being the condition that the space S is euclidean, we have 
the theorem: 

A necessary and sufficient condition that a 3-space be euclidean ts that the 
functions By = 0. 
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3. If we put ‘ 
= ay — A = B'y — By’, B = y'c — ya", C = a'B — a’, 
(where primes indicate differentiation with respect to x1) we find that all 
of the Christoffel quantities for the form (I) vanish except the following: 


Also we find 
Bu = By = Bis = 0, 
Ba = 
Bs = 30" 25 + 
Bus = 37” +2 0") 


Equation (4) reduces to 
dar’ =o, (6) 


The problem reduces to the integration of (3), when a, 8, y are subject 
to the condition (6). We separate the discussion into the four cases, 
when V is independent of x2 and xs; of either x2 or xs; of x1; involves all 
three variables. Expressing the conditions of integrability of (3) we 
are led to linear partial differential equations of the first order and these 


are ultimately solved. The first and second cases are the only ones. 


giving solutions; in the course of the investigation it is shown that in both 
cases a change of variables can be made so that 6 = 0. The solutions 
of the first type are: 

+ 1) 2k (k +1) 


k 


where k is any constant. Solutions of this kind have been found by 
Kasner.* For the second case the linear element of S may be written 


2 1 
dst = (8) 
and 
V =a" %2), (9) 
dx? 


where a and b are constants. This is the solution found by Levi-Civita® 
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and called the quadrantal solution. 
4. For the linear element (II) the expressions for the Christoffel sean 
which are different from zero are: 


2 


12 C §13 22 a 


The expressions for the functions Ba are. 


= L, Bog = M — xoL, Bss = Lx? —2Mx+N, 


where 


4st 
ay 


The condition (4) is 


We consider the system of equations (3) as in § 3, taking up separately 
the five cases where V is independent of x2 and x3; of x2; of x1; of x3; involves 
all three variables. Only the first two cases lead to solutions. 

For the first case we have the linear element of S 


2 
ds? = a — 2 + a +1) (11) 
4(a — a) 


7 

q 

” ts? 2 

a a’d a a 

45 26 6’ 
N 
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and 

where a is a constant. This is the longitudinal solution obtained by 
Levi-Civita.® 


For V independent of x2 two cases arise, according as B can be made 
equal to zero by a transformation of coérdinates, or not. 
When 8 = 0, the functions a and y must satisfy the three equations 


a +(1+ I+; 1+k]}= 


tay +2(1+#)=0, (12) 
a 


where k is any constant. For k = 1, 


\* 
+47 =4a, = ) (13) 


where a and b are constants. Consequently, 


When k& + 1, we solve the second of (12) for a’/a and substitute in 
the third of (12). The first integral of the resulting equation is 


vy? + 4ky b 
( =ay*t3, (15) 
Vy? + + by'| 


where a is an arbitrary constant and b = + (1—k) V1 +k+#?. 
Then we have 


(16) 


When 8 + 0, we have 


(17) 
with the fo lowing conditions upon a, 8 and y: 
_ at” 
B’a — Ba’ = (18) 


5”? + 26 (a! y’ — + 2406 =0, 
where & denotes an arbitrary constant. 


Voi. 7, 1921 MATHEMATICS: L. P. EISENHART 333 


Now (10) reduces to 
which is consistent with (18). Eliminating a from the first of (18) and 
(19), we get 
4 6 46 64 6° 
If we introduce dependent and independent variables ¢ and 6 by 
fede, 
dx 


= 0. 


we get the equation 
d (dt dt dt 
+ + (2t + 5) (3¢ +5) (¢+ 3) =0. 


To the evident solutions of this equation, t = — 5/2, t = — 5/3, cor- 
respond the solutions: 


6= 25 x,°/5, a= B = bx, b? x,* 25 %,?, 


where 6 is an arbitrary constant. For ¢ = — 3, we find a = 0, which is 
excluded since we assume that 6 > 0 in accordance with the theory. 
If we put ¢ dt/d@ = y, and take y for dependent variable, the above 


equation may be replaced by 


=0 


When a solution of this equation is known, the corresponding functions 
a, B, y can be found by quadratures. 
5. Making use of the formulas of Bianchi® we find the following ex- 
pressions for the principal curvatures of the spaces (7), (8), (11), (14) 
Ki =(1+k)Kz (1+})m (7*) 


Re 
Ki = = Ke = 5 (8*) 


Ki= 5 (+18), K; = (1-¥8). (14*) 


The principal curvatures for k + 1 in sens can be obtained explicitly, 
but their forms are quite involved. 
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At each point of space the principal curvatures correspond to three 
directions, mutually perpendicular to one another. When the curves 
tangent to these directions are the curves of intersection of a triply-or- 
thogonal system of surfaces, the space is called normal by Bianchi. All 
the spaces referred to above are normal. For the cases (7) and (8) the 
tangents to the curves of intersection x; = const., x; = const. are the 
principal directions. : 

For the cases of § 4 we put x. = ¢**. Then for (11), the curves of 
intersection of surfaces x; = const., x2 = const., x; = const. have the 
principal directions. For (14) and the case k + 1, the principal di- 
rections are given by x; = const., x; = const., and the orthogonal systems 
of curves on x: = const. defined by 


12 


1 Mem. Soc. Ital., 1896, p. 347. 

2 Levi-Civita, Rend Lincei (ser. 5), 26, 1917, sem. 1 (460). 

3 Bianchi, Lesioni, 1, 377; Cotton, Ann. Fac. Toul. (ser. 2), 1, 1899 (410). 
* Science, $4, 1921 (305). 

5 Rend. Lincei (ser. 5), 27, 1918, sem. 2 (350). 

Lesioni, 1, 354. 


GEOMETRIC ASPECTS OF THE ABELIAN MODULAR FUNC- 
TIONS OF GENUS FOUR (II) 
By ARTHUR B. COBLE 
DEPARTMENT OF MATHEMATICS, UNIVERSITY OF ILLINOIS 
Communicated by E. H. Moore, June 21, 1921 


8. The form (3 ?? —Thjs form, written symbolically as (pz) (rx)(sy), 
where z is a point in S;, x a point in S:, and y a point in S,’, has 36 co- 
efficients and therefore 35—15—8—8 = 4 absolute projective constants. 
Points x, y determine a plane which becomes indeterminate for six pairs 
x, yY = 2 4:3 (¢ = 1,...., 6) which form associated six points. They are 
the double singular points of a Cremona transformation T of the fifth 
order between the planes S,, S,. A given plane u is determined by «©! 
pairs x, y which lie, respectively, on the cubic curves, (pp’p’’u) (rx) (r’x) 
= 0, (pp’p’’u) (rr'r'’) (sy) (s’y) = 0 . These curves 
pass, respectively, through the six points p; and the six points g;, Thus 
the given form is associated with a general cubic surface, (pz) (p’z) (’’z) 
(rr’r) (ss’s’’) = 0, with an isolated double-six of lines and separated 


# 
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line-sixes. The mapping of the surface from the planes S, and S, is 
given by the above systems of cubics. 

9. The form (} { ??).—In the space figure just described we insert a adi 
Q with generator, t, 7. The point codrdinates z can be replaced by bilinear 
expressions in ¢, r and the form (7 7 7) becomes a form (pr) (xt) (rx) (sy) 
general of its type, with thirteen absolute constants corresponding to the 
four absolute constauts of the above cubic surface and the nine additional 
constants for the inserted quadric. The quadric meets the cubic surface 
in a normal curve of genus 4 so that we have in space the figure of the 
normal sextic and a particular one of the ©‘ cubic surfaces through it. 
In the planes S,, S, we have projectively general (with thirteen absolute 
constants) sextics of genus 4 with nodes at p; and q;, respectively, trans- 
forms of each other under T. The canonical adjoints of these sextics, 
with isolated g,*s, are obtained by substituting for u in 8 the proper 
bilinear expressions in t, tr; while a similar substitution for z in the equation 
of the cubic surface gives the equation on the  quadieke of the normal curve. 
We may therefore regard the general form (} j 7 2) as a definition of the 
projectively general plane sextic of genus 4. 

10. The forms F,F on the conic K(r). Counter sextics—We mark the 
conic K(r) on the plane S, and plot with reference to it the two counter 
sextics 5,() and S2(#). For each there is a cusp locus of perspective cubics © 
GC(r) and GC(r). Similarly we mark on a plane S, the conic K(#) and 
plot with reference to it the two counter sectics Sr), Si(r) which are 
paired with the above counter sextics, and which have for cusp loci of 
perspective cubics the sextic curves GC(t), GC(t), respectively. 

We now consider the form F = (at)* (ar)® = 0 where + is a tangent 
of K(r). For variable t wehave 0! triangles circumscribed about K(r) 
whose vertices run over a sextic curve. If ¢ determines 7:, 72, ts: then the 
point ¢, 71,72, of this sextic curve is birationally related to the solution #, 
tz; of F = 0. Hence the sextic curve is birationally equivalent to 
GC(r) and as a result of the algebraic discussion of the next two sec- 
tions we prove that this sextic curve is actually GC(r). This amounts 
to the effective elimination. of ¢ from (ar:)* (at)* = 0, (ars)* (at)? = 0 
and the separation of the factor (7:72)*. Hence we have on the sextic 
GC(r) two g,**s such that the ©! ¢-triads are cusp triangles of perspective 
cubics of S2(#) and the ©! r-triads are triangles circumscribed to K(r) for 
which the intersection of the lines joining each vertex to the contact of 
the opposite side is the point t of S2(t). Of course a similar statement is 
true of any one of the four cusp loci. 

If we polarize the form F into (ar) (ar;) (ars) (at) (at:) (ats) and replace 
the pairs 71, 72; t1, tg by points x; y referred in Darboux codrdinates to the 
conics K(r); K(t) in Sx; Sy, respectively, we have a form (xx) (dr) (6t) (py) 
of the type discussed in 9. Hence the sextics GC(r) and GC(#) are trans- 
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forms of each other under the quintic Cremona transformation T but on 
the two the role of the ¢ and 7 triads with reference to the rational sextics 
and conics K is reversed. It may be shown that the projective peculiarity 
(equivalent to four conditions) of our birationally general sextics GC(r) 
and GC(r) is that their 7 triads envelop a conic K(r). Thissame property 
belongs to the ¢-triads after transformation of GC(r) by T (or GC(r) by 
the corresponding 7) into a sextic in the plane S,. ‘ 

We have mentioned in I 7 certain intersectional properties of the conic 
b, the rational sextic 5,(#), and the cusp locus GC(r). Analogous results 
for the conic K(r), the sextic 5,(#), and the locus GC(r) are as follows. 
The conic K(r) meets S.(#) in 12 points whose parameters t on S;(#) are 
the branch points of the function 7(t) determined by F = 0, and whose 
parameters 7 on K(r) are the branch point values of this function. The 
12 residual function values 7 furnish 12 common tangents of K(r) and 
GC(r), i.e., the tangents to GC(r) at the 12 coincidences of g:3(r) upon it 
touch K(r). The remaining common tangents of K(r) and GC(r) are 
double tangents of GC(r) whose parameters on K(r) are the branch points 
of the function #(r) in F = 0. The two further tangents to K(r) from 
the contacts with GC(r) of each double tangent meet in a point which is 
a coincidence of g,5(t) on GC(r). 

11. The reciprocity between the forms F, F; algebraic discussion —We 
denote by A the determinant of the coefficients (without binomial factors) 
of the form F; the coefficients of F are then, to within numerical factors, 
three-row minors of A. The reciprocity between the forms F, F is then 
brought out by the fact that the covariant F formed for F as a ground form 
is again F.A*/;4. The invariant (aA)* (aA)’ is 4 A. This reciprocity 
fails when A vanishes. Then the four cubics in ¢ furnished by F are 
linearly dependent. When expressed in terms of three the coefficients 
in F are three cubics in 7, and the form F = 0 can be interpreted as the 
incidence condition of point 7 on a rational plane cubic curve C, with line 
t of a rational plane cubic envelope C2. In this case the form F factors 
into two cubics (Ar)*.(At)’, the conjugate cubics of the rational curves 
Ci, Cz. Now all the (usually non-vanishing) odd transvectants of the 
double form F will vanish whence in the general case they contain the 
factor A and are of the second degree for F. From their degree and orders 
they can be identified at once with */, (br)* (Bt)* = (aa’) (aa’) (ar)? 
(a’r)* (at)® (’t)?; 8 5= (aa’)* (aa’)*; 4/3 (yt)* = (aa’)* (aa’) (at)® (a’t)?; 
4/s(cr)* = (aa’)® (aa’) (ar)? (a’r)*. With respect to the original space 
cubics C,,C: these forms are interpreted asfollows. The form (br)* (6#)4 
vanishes when tangent + of C; meets tangent ¢ of C2; 6 = 0 if the 
null systems of C;, C2 are apolar; (yi)‘ or (cr)* vanishes if the tangent t¢ 
of C; or the tangent r of C; is a. line of the null system of the other curve. 

The reciprocity between the dual forms F, F is due algebraically to 
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the fact that their coefficients are, respectively, the one- and three- row 
minors of A. The four comitants of the second degree above are evidently 
self-dual in meaning and therefore should involve the two-row minors of 
A. Indeed we find that the 36 coefficients of the four comitants (br) 
(Bt)*, (yt)4, (cr)4, 6 are linearly independent in the 36 two-row minors of 
A. The only remaining comitants of the second degree, not linear in the 
minors of A, are the two sextics S;(r), Se(t). 

The 36 two-row minors of a four-row determinant A, though linearly 
independent, must satisfy a system of quadratic relations. It is not hard 
to see that there are precisely 41 such quadratic relations. If we take 
the above four comitants and form all of their comitants of total second 
degree in the coefficients of the four we have a set of comitants with 666 
coefficients which is the number of quadratic combinations of the 36 
minors. Hence the coefficients of this new set of comitants must be 
connected by a system of 41 linear relations due to the existence of the 
41 quadratic relations among the minors. These relations will be expressed 
by the existence of a system of syzygies of the second degree in the co- 
efficients of the four comitants. We find that this system of syzygies is 
(br)* (b’r)* (88’)* = 6[(cr)*]}*; (bb’)* (Bt)* (6’t)* = (6b’)? (br)? 
(b'r)* (6B’)* = 6(cc’)* (cr)? (c’r)?; (bb’)* (BB’)? (Bt)? (Bt)? = B(yy’)? 
(yt)? (-y't)?; (br)* (By)* = 66.(er)*; (bc)* (Bt)* = 68.(yt)*; (0b’)* (68")* = 

6(yvv’)* = 6(cc’)* = 
The 41 coefficients of these syzygies furnish the quadratic relations. The 
syzygies themselves determine for given (br)‘ (8t)4 the three remaining 
forms (cr)‘, (yt)4, 6 to within a change of sign of any two. 

12. The fundamental combinants of F, F. We have had occasion at times 
to consider such pencils of cubics in ¢ as are determined by the members 
(at), (are)* (at)® (7172). If belong to the same member of 
this pencil then the fundamental combinant of Gordan for the pencil is 

=| (ats)? (ars)? (ath)? 
(a’r1)® (a’r2)® (a’te) 

Evidently it expresses also that 71, t2 belong to the same member of the 
pencil determined by the members (a7)? (at;)* (ar) (atz)* (hh). We call 
I the fundamental combinant of F, and [ the corresponding fundamental 
combinant of F. Each is expressible in terms of the two-row minors of A 
and therefore in terms of the four comitants of 11. We find that I, 
T = (r112).(titz) { (611)? (672)? (Bt)? (Bra)? (cre)® = 
(yt)? + 

where the upper sign holds for I and the lower sign (together with the 
factor A/9) for T. Let us call the four terms within this brace, taken 
with plus signs, K, L, M, N, respectively. Then the involution of binary 
cubics determined in 7 by the form (mx) (dr) (6t)* for variable 7 has for 
fundamental combinant (when x is replaced by 71, 72) K +L—-M—N 
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and the corresponding combinant for the counter sextic S:() rather than 
5:(t) is K-L + M-—N. These four involutions all arise from any one 
by changing the signs of any two of the comitants (yi)‘, (cr)4, 6. In 
addition to the facts derived in 10 from this set of involutions other results 
are easily read off from their simple form. For example the conic 5 defined 
in 7 for 5,(t) and the corresponding conic b for S:(t) are in a pencil with 
the conic K(r) and meet K(r) in the four points determined by (cr)* = 0. 
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LIST OF PUBLICATIONS OF THE NATIONAL ACADEMY OF 
SCIENCES AND OF THE NATIONAL RESEARCH COUNCIL 


Part 1. PUBLICATIONS OF THE NATIONAL ACADEMY 
OF SCIENCES 


From the year 1864 to date the National Academy of Sciences has pub- 
lished at various times Scientific Memoirs, Biographical Memoirs, Annual 
Reports, Proceedings, and Reports of Committees. All except the Pro- 
ceedings are distributed free to institutions and students interested in 
the subjects discussed. The price of subscription to the Proceedings, 
of which twelve numbers are published each year, is five dollars. The 
detailed list of titles, with the number of pages and the year of publication, 
is given below. 


MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES 
I. 1866 


1. Reduction of the observations of fixed stars made by Joseph LePaute D’Agelet, at 
Paris, in 1783-1785, with a catalogue of the corresponding mean places, referred 
to the Equinox of 1800.0. Bxnyamin Aproore Goutp. Read January 8, 1864. 
Pp. 1-261. 

2. TheSaturnian system. BENJAMIN Prerce. Read January 8, 1864. Pp. 263-286. 

8. On the distribution of certain diseases in reference to hygienic choice of location 
for the cure of invalid soldiers. Aucusrus A. Gounp. Read August 5, 1864. 
Pp. 287-290. 

4. On shooting stars. oH. A. Newron. Read August 6, 1864. Pp. 291-312. 

5. Rifled guns. W. H. C. Barrierr. Read August 25, 1865. Pp. 313-343. 


VoiumE II. 1884 


1. Report of the eclipse expedition to Caroline Island, May, 1883. Pp. 5-146. 

2. Experimental determination of wave-lengths in the invisible prismatic spectrum. 
S. P. Lancrzy. April, 1883. 4 plates. Pp. 147-162. 

8. On the subsidence of particles in liquids. Wmu1.1amH. Brewer. Read November 
15, 1883. Pp. 163-175. 

4. Upon the formation of a deaf variety of the human race. ALEXANDER GRAHAM 
Brit. Read November 13, 1883. Pp. 177-262. 


Votume III. (Partil.) 1885 


1. The sufficiency of terrestrial rotation for the deflection of streams. G.K.GmBERT. 
Read April 15, 1884. Pp. 5-10. 

2. On the temperature of the surface of the moon. From researches made at the 
Allegheny Observatory by S. P. LANGLEY, assisted by F. W. Very and J. E. 
KEELER. Read October 17, 1884. Plates 1-6. Pp. 11-42. 

3. On a method of precisely measuring the vibratory periods of tuning-forks, and 
the determination of the laws of the vibrations of forks; with special reference 
to-these facts and laws to the action of a simple chronoscope. ALFRED M. 
Maver. Plates1-—4. Pp. 45-59. 
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The Baumé hydrometers. C. F. CHANDLER. Read at Fylaadghie meeting, 
1881. Pp. 61-71. 

On small differences of sensation. C. S. Perce and J. Jastrow. Read October 
17, 1884. Pp. 73-83. 

Description of an articulate of doubtful relationship from the Tertiary beds of 
Florissant, Colorado. Samuxt H. Scuppger. Read April 20, 1882. Pp. 85-90. 

The structure of the columella auris in the Pelycosauria. E. D. Copz. Read 
October 16, 1884. Pp. 93-95. 

On the structure of the brain of the sessile-eyed Crustacea. I. The Brain of 
Asellus and the eyeless form Cecidotaea. A. S. Packarp. Plates 1-5. Pp. 
97-110. 


Votume III. (Part 2.) 1886 


Contributions to meteorology. E11as Loomis. Plates 1-16. Pp. 5-66. 

On Flamsteed’s stars ‘observed, but not existing.” C. H. F. Perers. Read 
November 11, 1885. Pp. 67-83. 

Corrigenda in various star catalogues. C. H. F. Perers. Read November 12, 
1885. Pp. 85-97. 

Ratio of meter to yard. C. B. Comstock. Read April 21, 1885. Pp. 99-102. 

On composite photography as applied to craniology. J. S. Bm.incs. And on 
measuring the cubic capacity of skulls. WasHINGTON MatTruews. Read 
April 22, 1885. 20 Plates. Pp. 103-116. 

On a new craniphore for use in making composite photographs of skulls. J. S. 
Bruuincs and WASHINGTON MaTrHEws. Read November 12, 1885. 4 plates. 
Pp. 117-119. 

I. On the Syncarida, a hitherto undescribed synthetic group of extinct Malacos- 
tracous Crustacea. A. S. Packarp. Read April 21, 1885. Plates 1-2. Pp. 
121-128. 

II. On the Gampsonychidae, an undescribed family of fossil Schizopod Crustacea. 
A. S. Packarp. Read April 21, 1885. Plate 3. Pp. 129-133. 

III. On the Anthracaridae, a family of Carboniferous Macrurous Decapod Cru- 
stacea. A. S. Packarp. Read April 21, 1885. Plate opposite page 137, 
and Plate 4. Pp. 135-139. 

On the Carboniferous Xiphosurous fauna of North America. A. S. PACKARD. 
Read November 13, 1885. Plate opposite page 150, and Plates 5-7. Pp. 
141-157. 

On two new forms of Polyodont and Gonorhynchid fishes from the Eocene of the 
Rocky Mountains. E. D. Corr. Read November 12, 1885. 1 Plate. Pp. 
159-165. 

Notes on the Third Memoir, Part I, page 45. Alfred M. Mayer. Pp. 167-169. 


Votume IV. (Part 1.) 1888 


The cave fauna of North America, with remarks on the anatomy of the brain and 
origin of the blind species. A.S. PacKARD. Read November 9, 1886. Plates 
1-27. Pp. 1-156. 

The solar and lunar spectrum. S. P. LanciEy. Read November 9, 1886. 6 
Plates. Pp. 157-170. 

On the reduction of photographic observations, with a determination of the po- 
sition of the Pleiades, from photographs by Mr. Rutherfurd. BgNyAMIN APTHORP 
Goutp. Presented August 11, 1866. Pp. 171-190. 
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4. 


5. 


Reduction of photographic observations of the Praesepe. BsNJAMIN APTHORP 
Gouxtp. Presented April 14, 1870. Pp. 191-199. 

Balance for determining specific gravities by inspection. F. A. P. BARNARD. 
1Plate. Pp. 201-205. 

Theory of magic squares and of magic cubes. F. A. P. BARNARD. Pp. 206-270. 


VotumE IV. (Part 2.) 1889 


Contributions to meteorology. E11ias Loomis. Plates 17-32. Pp. 5-77. 

On the determination of elliptic orbits from three complete observations. J. 
WiILLarp Grsss. .Pp. 79-104. 

The temperature of the moon. S. P. LANGLEY. Read November, 1887. Plates 
1-26. Pp. 105-212. 

On the Lucayan Indians. W. K. Brooxs. Read November, 1887. Plates 
1-12. Pp. 213-222. 


V. 1891 


Energy and vision. S.P. LANGLEY. Presented April 15, 1888. 4 Plates. Pp. 5-18. 

Contributions to meteorology. Exias Loomis. Plates 33-51. Pp. 19-109. 

Report of studies of atmospheric electricity. T.C. MENDENHALL. Read April 
18, 1889. Pp. 111-318. 

The embryology and metamorphosis of the Macroura. W. K. Brooks and F. H. 
Herrick. Plates 1-57. Pp. 319-576. 

On the application of interference methods to astronomical measurements. A. A. 
MIcHELSON. 7 Plates. Pp. 577-590. 


VI. 1893 


On the capture of comets by planets, especially their capture by Jupiter. H. A. 
NEWTON. Pp. 5-23. 

A study on the relation of atmospheric electricity, magnetic storms, and weather 
elements to a case of traumatic neuralgia. RosBert CatTiin. 7 Plates. Pp. 
25-33. 

On certain new methods and results in optics. CHaARLESS. Hastincs. Pp. 35-47. 

The proteids or albuminoids of the oat kernel. THomas B. OsBorNE. Pre- 
sented November 13, 1890, and November 10, 1891. Pp. 49-87. 

A comparison of antipodal faunas. THroporE Gi. Read November, 1887. 
Pp. 89-124. 

Families and sub-families of fishes. THEoporE Gu. Pp. 125-138. 

Human bones of the Hemenway Collection in the United States Army Medical 
Museum. Dr. WasHINGTON MatrHews. With observations on the Hyoid 
bones of this collection. Dr. J. L. WorrmMan. Reports presented to the 
National Academy of Sciences, with approval of the Surgeon-General of the 
United States Army. Dr. J. S. Baincs. Plates 1-59. Pp. 139-286. 

Further studies on the brain of Limulus Polyphemus, with notes on its embryology. 
AupHeus S. PackarD. Plates 1-36. Pp. 287-331. 


VotumeE VII. 1895 


Monograph of the Bombycine moths of America, north of Mexico, including their 
transformations and origin of the larval markings and armature. Part I. 
Family I. Notodontiadae. ALpHeus S. cone Plates 1-49, Maps 1-10. 
1895. Pp. 3-390. 
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On reaction-times and the velocity of the nervous impulse. J. MCKEEN CaTTELL 
and Cuar.eEs S. DottEy. Presented at Albany meeting, 1893. Pp. 391-415. 
The bacteria of river waters. Joun S. Bm.incs. Including a paper on the bac- 
teria of the Schuykill River, by J. H. Wricut, and Appendix by Dr. OLMSTEAD. 
Plates 1-5, Diagrams 1-5. Pp. 417-484. 
VIII. 1902 

Notes on the bacteriological examination of the soil of Philadelphia. Mazycx P. 
RAVENEL. 4 Plates. 1896. Pp. 1-41. 

A contribution to the study of the effect of the venom of Crotalus Adamanteus 
upon the blood of man and animals. S. Wm MircHELL and ALonzo H. Stew- 
ART. Plates 1-6. 1898. Pp. 43-56. 

General perturbations of Minerva (93), by Jupiter, including terms only of the 
first order with respect to the mass, together with a correction of elements. 
W. S. EICHELBERGER. 1899. Pp. 57-77. 

Ophiura Brevispina. W. K. Brooxs and Caswe.. Grave. Plates 1-3. 1899. 
Pp. 79-100. 


’ Anatomy of Nautilus Pompilius. Lawrenck EpMoNnps GriFFIN. Plates 1-17. 


1900. Pp. 101-230. 

An experimental inquiry regarding the nutritive value of alcohol. W.O. ATWATER 
and F. G. Benepicr. 1902. Pp. 231-397. 

West Indian Madreporarian Polyps. J. E. DugrpENn. Plates 1-25. 1902. 
Pp. 399-648. 


Vorume IX. 1905 


Monograph of the Bombycine moths of North America, including their transforma- 


tions and origin of the larval markings and armature. Part II. Family Cera- 
tocampidae, subfamily Ceratocampinae. ALPHEUS SPRING PacKkaRD. Plates 
1-61. 1905. Pp. 1-272. 


VotumE X. 1911 


The absolute value of the acceleration of gravity determined by the ring-pendulum 
method. CHarLEs E. MENDENHALL. Plates 1-3. 1905. Pp. 1-23. 

Claytonia gronov. A morphological and anatomical study. THroporE Hoim. 
Plates 1-2. 1905. Pp. 25-37. 

A research upon the action of alcohol upon the circulation. Horatio C. Woop 
and Danie, M. Hoyt. Plates1-3. 1905. Pp. 39-70. 

Phoronis architecta: Its life history, anatomy, and breeding habits. Wu4.L1AM 
Kerra Brooks and REINART PARKER CowELs. Plates 1-17. 1905. Pp. 
71-148. 

The affinities of the pelagic tunicates. No. 1. On a new Pyrosoma (Dipleurosoma 
elliptica). Kerra Brooks. Plates 1-2. 1906. Pp. 149-156. 
Commelinaceae. Morphological and anatomical studies of the vegetative organs 
of some North and Central American species. THroporE Horm. Plates 

1-8. 1906. Pp. 157-192. 

Tables of minor planets discovered by Jamies C. Watson. Part I. Tables of 
(93) Minerva, (101) Helena, (103) Hera, (105) Artemis, (115) Thyra, (119) 
Althaea, (128) Nemesis, (133) Cyrene, (139) Juewa, (161) Athor, (174) Phaedra, 
(179) Klytaemnestra. With the assistance of R. T. CRAwForD, FRANK Ross, 
Burt L. NEwkirK, ADELAIDE M. Hoss, GLaNcy, and others. Be- 
ing a part in continuation of previous investigations by E. Brecxgr, W. S. 
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EICHELBERGER, McKnicnt Rirrer, and G. K. Lawton. ARMIN 
O. LeuscHner. 1910. Pp. 193-374. 


Voiume XI. 1913 
Agave in the West Indies. TRELEASE. Plates A-E, 1-116. 1913. Pp. 3-298. 
XII. (Parri.) 1914 


1. Monograph of the Bombycine moths of North America, including their trans- 
formations and origin of the larval markings and armature. Part III. Families 
Ceratocampidae (exclusive of Ceratocampinae), Saturniidae, Hemileucidae, 
and Brahmaeidae. ALPHEUS SPRING PacKarD, edited by D. A. 
CocKERELL, being a continuation of previous investigations published as Volume 
VII (First Memoir) and Volume [IX (Second Memoir) of the Memoirs of the 
National Academy of Sciences. Plates 1-113. 1914. Pp. 1-516. 


XII. (Parr2.) 1915 


2. The variations and ecological distribution of the snails of the genus Io. CHARLES 
C. Apams. Plates 1-61. 1915. Pp. 1-184. 

8. Theturquoise. A study of its history, mineralogy, geology, ethnology, archaeology, 
mythology, folklore, and technology. JoszpH E. Pocus, Px.D., Plates 1-22. 
1915. Pp. 1-206. 


Votume XIII. 1915 


1. Catalogue of the meteorites of North America, to January 1, 1909. OLivER 
CumMINGS FarRRINGTON. Plates 1-36. 1915. Pp. 1-513. 


XIV. 


1. Report on researches on the chemical and mineralogical composition of meteorites, 
with especial reference to their minor constituents. GroRGE PERKINS MERRILL, 
1916. Pp. 1-29. 

2. Complete classification of the triad systems on fifteen elements. HENRY SEELY 

Warrs, E. N. Coie and Louise D. Cummincs, 1919. Pp. 1-89. 

8. Tables of minor planets discovered by James C. Watson. ARMIN O. LEUSCHNER. 
In press. 

meteorites. GkrOoRGE PERKINS MERRILL, 1919. Pp. 1-15. 

5. Tables of the exponential function and of the circular sine and cosine to ‘ties 
argument. C. E. VAN OrsTRAND, 1921. Pp. 1-79. 


XV. 1921 


1-3. Psychological examining in the” United States army. 
Part I. History and organization of the psychological examining and the materials 
of examination. Plates 1-21. 
Part II. Methods of examining: History and development, preliminary results. 
Part III. Measurements of intelligence in the United States Army. Edited by 
Ropert M. YERKES, 1921. Pp. 1-890. 


VotumE XVI. 


1. Lower California and its natural resources. Epwarp W. NgLSON, 1921. Pp. 
1-194, plates 1-35. 
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2. Studies upon the life cycles of the bacteria. Part 1. Review of the literature, 
1838-1918. F. Léunis. Pp. 1-335, plates 1-23. 

3. The constants of nature. Part V. A recalculation of the atomic weights. Fourth 
edition, revised and enlarged. FRANK WIGGLESWORTH CLARKE, 1920. Pp. 
1+418. 


VoLuME XVII. 


1. Biographical memoir of Simon Newcomb. W. W. CAMPBELL. Bibliography of 
the work of Simon Newcomb. R. C. Arcurparp. In press. 


BIOGRAPHICAL MEMOIRS 
VotumE I. 1877 
Joseph Stillman Hubbard, 1823-1863. B. A. Goutp. Read August 5, 1864. Pp. 


1-34. 

Joseph Gilbert Totten, 1788-1864. J. G. BarNnarp. Read January 6, 1866. Pp. 
35-97. 

Benjamin Silliman, Sr., 1779-1864. ALmxis CaswELL. Read January 25, 1866. 
Pp. 99-112. 


Edward Hitchcock, 1793-1864. J. P. Lustey. Read August 9, 1866. Pp. 113-134. 

James Melville Gillis, 1811-1865. AprHore GouLp. Read January 26, 1866. 
Pp. 135-179. 

Alexander Dallas Bache, 1806-1867. JosEPpH HeNry. Read April 16, 1869. Pp. 
181-212d. 

John H. Alexander, 1812-1867. J.E.Hmcarp. Read April 18, 1872. Pp. 213-226. 

William Chauvenet, 1820-1870. J.H.C.Corrin. Read April 16, 1873. Pp. 227-244. 

John Fries Frazer, 1812-1872. Joun L. LeConrse. Read October 22, 1873. Pp. 
245-256. 

James Henry Coffin, 1806-1873. A. Guyor. Read April 24, 1874. Pp. 257-264. 

John Torrey, 1796-1873. Asa Gray. Read April 15, 1873. Pp. 265-276. 

William Starling Sullivant, 1803-1873. AsaGray. Read April 22,1875. Pp. 277-285. 

Joseph Saxton, 1799-1873. JosepH Henry. Read October 4, 1874. Pp. 287-316. 

Henry James Clark, 1826-1873. A. S. Packarp, Jr. Read April 23, 1874. Pp. 
317-328. 

Joseph Winlock, 1826-1875. JosEpH LoveRinc. Read April 19, 1876. Pp. 329-343. 


II. 1886 


Theodore Strong, 1790-1869. JoszepH P. Brapiky. Read April 17, 1879. Pp. 1-28. 

Dennis Hart Mahan, 1802-1871. Henry L. Appor. Read November 7, 1878. Pp. 
29-37. 

Louis Agassiz, 1807-1873. ARNoLD Guyot. Read April, 1878. Pp. 39-73. 

Jeffries Wyman, 1814-1874. A. S. Packarp. Read April 18, 1878. Pp. 75-126. 

Jared Potter Kirtland, 1793-1877. J. S. Newserry. Read April 18, 1879. Pp. 


127-138. 

Samuel Stedman Haldeman, 1812-1880. J. P. Lestey. Read November 16, 1881. 
Pp. 139-172. 

Gouverneur Kemble Warren, 1830-1882. Henry L. Appor. Read April 17, 1884. 
Pp. 173-188. 


William A. Norton, 1810-1883. W. P. TRowsripck. Pp. 189-199. 
Andrew Atkinson Humphreys, 1810-1883. Hgnry L. Appot. Read April 24, 1885. 
Pp. 201-215. 
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John Lawrence Smith, 1818-1883. BENJAMIN Smuman. Read +o. 17, 1884. Pp. 
217-248. 

Stephen Alexander, 1806-1883. C. A. Younc. Read April 17, 1884. Pp. 249-259. 

John Lawrence Le Conte, 1825-1883. SamugL H. ScuppgrR. Read April 17, 1884. 
Pp. 261-293. 

Joseph Janvier Woodward, 1833-1884. J. S. Bmiincs. Read April 22, 1885. Pp. 
295-307. 

Arnold Guyot, 1807-1884. James D. Dana. Read April 21, 1886. Pp. 309-347. 

John William Draper, 1811-1882. Gxrorcg F. Barker. Read April 21, 1886. Pp. 
349-388. 


III. 1895 


William Barton Rogers, 1804-1882. Francis A. WALKER. Read April, 1887. Pp. 
1-13. 

Edward Tuckerman, 1817-1886. W. G. Farrow. Read April, 1887. Pp. 15-28. 

Edward B. Hunt, 1822-1863. F. A. P. BARNARD. Read August, 1864. Pp. 2941. 

James Craig Watson, 1838-1880. Grorcge C. Comstock. Read April, 1888. Pp. 
43-57. 

James Buchanan Eads, 1820-1887. Wr.1am SELLERS. Read April, 1888. Pp. 
59-79. 

Henry Draper, 1837-1882. Grorce F. Barker. Read April 1, 1888. Pp. 81-139. 

Spencer Fullerton Baird, 1823-1887. Jonn S. Buuincs. Read April 17, 1889. Pp. 
141-160. 

Asa Gray, 1810-1888. W.G. FarLow. Read April 17, 1889. Pp. 161-175. 

John Call Dalton, 1825-1889. S. Wem Mrrcweu,. Read April 16, 1890. Pp. 
177-185. 

Leo Lesquereux, 1806-1889. J. P. Lestey. Read April 16, 1890. Pp. 187-212. 

Elias Loomis, 1811-1889. H. A. Ngwron. Read April 16, 1890. Pp. 213-252. 

Jonathan Homer Lane, 1819-1880. CLEVELAND ApBE. Read April, 1892. Pp. 
253-264. 

William Ferrel, 1817-1891. CLEVELAND ABBE. Read April, 1892. Pp. 265-309. 

Montgomery Cunningham Meigs, 1816-1892. Henry L. Appor. Read April, 1893. 
Pp. 311-326. 


James Erasmus Hilgard, 1825-1890. E. W. Himcarp. Read April, 1893. Pp. 
327-338. 

Amos Henry Worthen, 1813-1888. CHariEs A. Ware. Read November, 1893. 
Pp. 339-362. 

William P. Trowbridge, 1825-1892. C. B. Comstock. Read November, 1893. Pp. 
363-367. 


John LeConte, 1818-1891. JoszEpH LeConTE. Read April, 1894. Pp. 369-393. 

Ferdinand Vandiveer Hayden, 1839-1887. CHARLES A. Waite. Read November, 
1894. Pp. 395-413. 

Lewis Morris Rutherford, 1816-1892. B.A.Goutp. Read April, 1895. Pp. 415-441. 


VotumE IV. 1902 


George Englemann, 1809-1884. CHARLES A. WHITE. Read April, 1896. Pp. 1-21. 
Charles Henry Davis, 1807-1877. C. H. Davis. Read April, 1896. Pp. 23-55. 
James Edward Oliver, 1829-1895. G. W. Huw. Read April, 1896. Pp. 57-74. 
Fielding Bradford Meek, 1817-1876. CHartes A. Wurtz. Read November, 1896. 
Pp. 75-91. 
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Charles Edouard Brown-Séquard, 1817-1894. H. P. Bowprrcu. Read April, 1897. 
Pp. 9397. 


Hubert Anson Newton, 1830-1896. J. Wmiarp Grogs. Read April, 1897. Pp. 
99-124. 

Thomas Lincoln Casey, 1831-1896. Henry L. Appot. Read April 21, 1897. Pp. 
125-134. 

George Hammell Cook, 1818-1889. G. K. Gumpert. Read April 21, 1897. Pp. 
135-144. 


George Brown Goode, 1851-1896. S.P.LaNncitey. Read April 21,1897. Pp. 145-174. 

Josiah Parsons Cooke, 1827-1894. Caries L. Jackson. Pp. 175-183. 

William Augustus Rogers, 1832-1898. Epwarp D. Morizy. Read November, 
1899. Pp. 185-199. 

Frederick Augustus Genth, 1820-1893. (With portrait.) Grorce F. BARKER. Read 
November 12, 1901. Pp. 201-231. 

John Newton, 1823-1895. Cyrus B. Comsrock. Read November 13, 1901. Pp. 
233-240. 


V. 1905 


Joseph Henry, 1797-1878. (With portrait.) Smon Newcomp. Read April 21, 1880. 
Pp. 1-45. 

John Edwards Holbrook, 1794-1871. (With portrait.) Turoporz Gm. Read 
April 22, 1903. Pp. 47-77. 

Louis Francois de Pourtalés, 1824-1880. (With portrait.) ALEXANDER AGAssIz. 
Read April 22, 1881. Pp. 79-89. 

Augustus Addison Gould, 1805-1866. (With portrait.) Jerrrrzs WyMAN. With 
additions by Wm.1am Heatky Dati. Read April 22, 1903. Pp. 91-113. 

Henry Augustus Rowland, 1848-1901. (With portrait.) Taomas C. MENDENHALL. 
Read April 23, 1903. Pp. 115-140. 

Theodore Lyman, 1833-1897. (With portrait.) H. P. Bowprrcu. Read April 23, 
1903. Pp. 141-153. 

Matthew Carey Lea, 1823-1897. (With portrait.) Grorce F. Barker. Read 
April 21, 1908. Pp. 155-208. . 

Francis Amasa Walker, 1840-1897. (With portrait.) Jonn S. Bmuincs. Read 
April 17, 1902. Pp. 209-218. 

John Gross Barnard, 1815-1882. (With portrait.) Henry L. Apsot. Read April 
17, 1902. Pp. 219-229. 

James Edward Keeler, 1857-1900. (With portrait.) Cnartes S. Hastincs. Read 
April 23, 1903. Pp. 231-246. 

James Hadley, 1821-1872. (With portrait.) Arraur Twintinc Hapiey. Read 
April 21, 1904. Pp. 247-254. 

Henry Barker Hill, 1849-1903. (With portrait.) CHaries Lorinc Jackson. Read 
April 21, 1904. Pp. 255-266. 

Sereno Watson, 1820-1892. (With portrait.) Wm1i1am H. Brewer. Read Novem- 
ber 17, 1903. Pp. 267-290. 

Robert Empie Rogers, 1813-1884. (With portrait.) Epcar Fass Smira. Read 
November 15, 1904. Pp. 291-309. j 


VotumE VI. 1909 


John Strong Newberry, 1822-1892. (With portrait.) Carnes A. Ware. Read 
April 17,1902. Pp. 1-24. 
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Clarence King, 1842-1901. (With portrait.) Samug, FRANKLIN EMMONS. Read 
April 23, 1903. Pp. 25-55. 

Charles Emerson Beecher, 1856-1904. (With Portrait.) Da. 
Read November 16, 1904. Pp. 57-70. 

George Perkins Marsh, 1801-1882. (With portrait.) Wmuiam M. Davis. Read 
April 18, 1906. Pp. 71-80. 

John Rodgers, 1812-1882. (With portrait.) AsapH Hatt. Read April 18, 1906. 
Pp. 81-92. 

Fairman Rogers, 1833-1900. (With portrait.) Epcar F. Smiru. Read November 
22,1906. Pp. 93-107. 

William Augustus Rogers, 1832-1898. (With portrait.) Part II. Astronomical work. 
ARTHUR SEARLE. Pp. 109-117. (Part I of biography published in Volume IV, 
Biographical Memoirs, pp. 185-199.) 

Samuel Lewis Penfield, 1856-1906. (With portrait.) Horace L. WELLS. ‘Read 
April 18, 1907. Pp. 119-146. 

Joseph LeConte, 1823-1901. (With portrait.) Euceng W. Hmcarp. Read April 
18, 1907. Pp. 147-218. 

Lewis Henry Morgan, 1818-1881. (With portrait.) W.H. Houmgs. Read Novem- 
ber 20, 1907. Pp. 219-239. 

Asaph Hall, 1829-1907. (With portrait.) Read April 23, 
1908. Pp. 241-309. 

Alpheus Hyatt, 1838-1902. (With portrait.) Wmiiam Kerra Brooxs. Read 
April 23, 1908. Pp. 311-325. 

Joseph Lovering, 1813-1892. (With portrait.) B.Oscoop Perce. Read Novesitar 
18, 1908. Pp. 327-344. 

William More Gabb, 1839-1878. (With portrait.) Wu1.1aM H. ni Read Novem- 
ber 18, 1908. Pp. 345-361. 

Alexis Caswell, 1799-1877. (A reprint.) (With portrait.) JoszrH Loverinec. 
Pp. 363-372. 

Josiah Willard Gibbs, 1839-1903. (With portrait.) CHarues S. Hastincs. Read 
November, 1909. Pp. 373-393. 

Elliott Coues, 1842-1899. (With portrait.) J. A. ArtEN. Read April, 1909. Pp. 
395-446. 

Ogden Nicholas Rood, 1831-1902. (With portrait.) Epwarp L. Nicnors. Read 
April, 1909. Pp. 447-472. 


VoiumeE VII. 1913 


Wolcott Gibbs, 1822-1908. (With portrait.) F. W. Cuarke. 1910. Pp. 1-22. 

William Keith Brooks, 1848-1908. (With 2 portraits.) Epwiy Grant ConkLIN. 
Read at the Autumn meeting, 1909. Pp. 23-88. - 

Charles Augustus Young, 1834-1908. (With portrait.) Epwin B. Frost. Read at 
the Autumn meeting, 1909. Pp. 89-114. 

Benjamin Silliman, 1816-1885. (With portrait.) ArRrHur W. Wricnt. Read at 
the April meeting, 1911. Pp. 115-141. 

James Hammond Trumbull, 1821-1897. (With portrait.) Arraur W. WRricHT. 
Read at the April meeting, 1911. Pp. 143-169. 

William H. C. Bartlett, 1804-1893. (With portrait.) Epwarp S. Honpgen. Read 
at the April meeting, 1911. Pp. 171-193. 

Cyrus Ballou Comstock, 1831-1910. (With portrait.) Henry L. Appot. Read at 
the April meeting, 1911. Pp. 195-201. 
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Samuel William Johnson, 1830-1909. (With portrait.) Tuomas B. OsBorNE. Read 
at the April meeting, 1911. Pp. 203-222. 

Charles Abiathar White, 1828-1910. (With portrait.) Wmut1am H. Datu. Read 
at the April meeting, 1911. Pp. 223-243. 

Samuel Pierpont Langley, 1834-1906. (With portrait.) Carnes D. Watcort. 
Read at the Autumn meeting, 1911. Pp. 245-268. 

Charles Otis Whitman, 1842-1910. (With portrait.) Epwarp S. Morsg. Read at 
the Annual meeting, 1912. Pp. 269-288. 

Alexander Agassiz, 1835-1910. (With portrait.) Grorcr Linco_n Read 
at the Annual meeting, 1912. Pp. 289-305. 

Samuel Franklin Emmons, 1841-1911. (With portrait.) ArRNoup Hacug. Read 
at the Annual meeting, 1912. Pp. 307-334. 

Joseph Leidy, 1823-1891. (With portrait.) Henry FarrrrgLp OsBorNn. Read at 
the Annual meeting, 1912. Pp. 335-396. 


Vo.umE VIII. 


John Huntington Crane Coffin, 1815-1890. (With portrait.) Grorcge C. Comstock. 
Presented at the Annual meeting, 1913. Pp. 1-7. 

John Wesley Powell, 1834-1902. (With portrait.) W.M. Davis. Presented at the 
Autumn meeting, 1913. Pp. 11-83. 

Charles Anthony Schott, 1826-1901. (With portrait.) CLEVELAND ABBE. Presented 
at the Annual meeting, 1914. Pp. 87-133. 

Miers Fisher Longstreth, 1819-1891. (With portrait.) Resecca C. LONGSTRETH. 
Presented at the Annual meeting, 1914. Pp. 137-140. 

Henry Morton, 1836-1902. (With portrait.) Epwarp L. Nicnois. Presented 
at the Annual meeting, 1914. Pp. 143-151. 

Peter Lesley, 1819-1903. (With portrait.) W.M. Davis. Presented at the Autumn 
meeting, 1913. Pp. 155-240. 

Alfred Marshall Mayer, 1836-1897. (With portrait.) A.rrep G. Maygr and RoBErt 
S. Woopwarp. Presented at the Autumn meeting, 1915. Pp. 243-272. 

George William Hill, 1838-1914. (With portrait.) Ernest W. Brown. Presented 
at the Annual meeting, 1915. Pp. 275-309. 

Theodore Nicholas Gill, 1837-1914. (With portrait.) Wmu.ram Herargy DALL. 
Presented at the Annual meeting, 1915. Pp. 313-343. 

Edward Singleton Holden, 1846-1914. (With portrait.) W. W. CampBELL. Pre- 
sented at the Annual meeting, 1916. Pp. 347-372. 

John Shaw Billings, 1838-1913. (With portrait.) S. Wem MrircHe.,. With the 
Scientific Work of John Shaw Billings, by Frz.pinc H. Garrison. Presented 

- at the Annual meeting, 1916. Pp. 375-416. 

William Stimpson, 1832-1872. (With portrait.) ALFRED GoLDSBOROUGH MAYER. 
Presented at the Annual meeting, 1917. Pp. 417-433. 

Benjamin Osgood Peirce, 1854-1914. (With portrait.) Epwm H. Haw. Pre- 
sented at the Annual meeting, 1918. Pp. 435-466. 

Cleveland Abbe, 1838-1916. (With portrait.) W. J. Humpnreys. Presented at 
the Annual meeting, 1918. Pp. 467-508. 


IX. 


William Bullock Clark, 1860-1917. (With portrait.) Jonn M. CLarKe. Presented 
at the Annual meeting, 1918. Pp. 1-18. 
Arnold Hague, 1840-1917. (With portrait.) JoszpH P. Ippmncs. Presented at the 
' Annual meeting, 1919. Pp. 19-38. 
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James Dwight Dana, 1813-1895. (With portrait.) Louris V. Presson. Presented 
at the Annual meeting, 1919. Pp. 41-92. 

Eugene Woldemar Hilgard, 1833-1916. (With portrait.) FREDERICK SLATE. Pre- 
sented at the Annual meeting, 1918. Pp. 95-155. 

James Mason Crafts, 1839-1917. (With portrait.) CHarLEs R. Cross. Presented 
at the Annual meeting, 1918. Pp. 159-177. 

Alpheus Spring Packard, 1839-1905. (With portrait.) T. D. A. CockErELL. Pre- 
sented at the Annual meeting, 1918. Pp. 181-236. 

Lewis Boss, 1846-1912. (With portrait.) Brnyamin Boss. Presented at the Annual 
meeting, 1920. Pp. 239-260. 

Charles Sedgwick Minot, 1852-1914. (With portrait.) Epwarp S. Mors. Pre- 
sented at the Annual meeting, 1920. Pp. 263-285. 


PROCEEDINGS 


Volume I. 1896. 8°. Pp. 1-406. Part 1. Pp. 1-120. Published 1877. Part 2. 
Pp. 121-240. Published 1886. Part 3. Pp. 241-406. Published 1896. 

Volume 1. 1915. Pp. xii + 645. 

Volume 2. 1916. Pp. xiii + 760. 

Volume 3. 1917. Pp. xiv + 767. 

Volume 4. 1918. Pp. xi + 424. 

Volume 5. 1919. Pp. xi + 613. 

Volume 6. 1920. Pp. xiii + 72. 

Volume 7. 1921. Pp. vi + 367. 


REPORTS OF COMMITTEES 


Report on the question of the value of the water-proofing process employed in the 
manufacture of the fractional currency. In House Misc. Doc. no. 163, part 2, 
44th Congress, Ist Session, pp. 22-28. April 3, 1876. 

Forty-fifth Congress, 3rd Session, House of Representatives Misc. Doc. no. 5. Surveys 
of the Territories. Letters from the Acting President of the National Academy 
of Sciences, transmitting a report on the surveys of the Territories. Ordered 
printed, December 3, 1878. 8°. Pp. 1-27. 

Forty-seventh Congress, 2d Session. Senate Misc. Doc. no. 51. National Academy 
of Sciences. Investigation of the scientific and economic relations of the sor- 
ghum sugar industry, being a report made in response to a request from the Hon. 
George B. Loring, U. S. Commissioner of Agriculture, by a committee of the 
National Academy of Sciences. November, 1882. Washington: Government 
Printing Office. 1883. 8°. Pp. 1-152. 

United States Internal Revenue. Report on glucose, prepared by the National Academy 
of Sciences, in response to a request made by the Commissioner of Internal 
Revenue. Washington: Government Printing Office. 1884. 8°. Pp. 1-108. 

Report of committee of National Academy of Sciences concerning classification of 
Donskoi wool, January 30, 1886. 1886. ‘Treasury Department Doc. no. 805. 

Forty-ninth Congress, lst Session. Senate, Ex. Doc. no. 67. Letter from the Secre- 
tary of the Navy, transmitting, in compliance with the Senate resolution, Feb- 
ruary 2, 1886, report of the National Academy of Sciences upon the proposed 
new Naval Observatory. Ordered printed, February 10, 1886. 

Report on the organization of the National Surveys and the Signal Service. In 
Senate Misc. Doc. no. 82, 49th Congress, Ist Session. Pp. 1-37. Ordered 
printed, March 16, 1886. 1886. 

National Academy of Sciences. Standards for electrical measure, February 20, 
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1895. Printed for the Academy. Washington: Judd & Detweiler, Printers. 
1895. 8°. Pp. 1-9. : 

Fifty-third Congress, 3rd Session. Senate, Misc. Doc. no. 115. Report of the National 
Academy of Sciences, made in compliance with a requirement of the law (H. R. 
6500) entitled ‘‘an act to define and establish the units of electrical measure,’’ 
approved July 12, 1894. Ordered printed, February 19, 1895. 

Report of the committee appointed by the National Academy of Sciences upon the 
inauguration of a forest policy for the forested lands of the United States to the 
Secretary of the Interior, May 1, 1897. Washington: Government Printing 
Office. 1897. Pp. 1-47. 

Fifty-eighth Congress, 3d Session. Senate Doc. no. 145. Report by committee ap- 
pointed by Academy to consider desirability of instituting scientific explorations 
of Philippine Islands. Pp. 1-22. 8°. Ordered printed, February 7, 1905. 

Sixtieth Congress, 2d Session. House of Representatives, Doc. no. 13837. Conduct 
of scientific work under United States Government. Message from the Pres- 
ident of the United States, transmitting report of the National Academy of Sci- 
ences relating to the conduct of the scientific work under the United States 
Government. Pp. 1-5. 8°. Ordered printed, January 18, 1909. 


ANNUAL REPORTS 

For Year Pages Printed For Year Pages Printed For Yeay Pages Printed 
1863 118 1864 1883 145 1884 1902 41 1903 
1864 15 1865 1884 69 1885 1903 39 1904 
1865 1866 1885 101 1886 1904 57 1905 
1866 95 1867 1886 41 1887 1905 41 1906 
1867 44 1868 1887 55 1888 1906 43 1907 
1868 1888 41 1890 1907 40 1908 
1869 1889 69 1891 1908 111 1909 
1870 1890 36 1891 1909 43 1910 
1871 1891 39 1892 1910 48 1911 
1872 7 1873 1892 39 1893 1911 55 1912 
1873 1893 47 1895 1912 54 1913 
1874 1894 43 1895 1913 112 1914 
1875 1895 51 1896 1914 90 1915 
1876 1896 39 1897 1915 74 1916 
1877 1897 93 1898 1916 94 1917 
1878 25 1879 1898 33 1899 1917 112 1918 
1879 22 1880 1899 39 1900 1918 154 1919 
1880 1900 37 1901 1919 180 1920 
1881 1901 39 1902 1920 178 1921 
1882 


Part 2. A PARTIAL LIST OF THE PUBLICATIONS OF THE 
NATIONAL RESEARCH COUNCIL 


Issues of the Bulletin of the National Research Council and of the Reprint 
and Circular Series of the National Research Council are listed separately. 
Address orders or inquiries to: Publication Office, National Research 
Council, 1701 Massachusetts Avenue, Washington, D. C. 
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ORGANIZATION AND ACTIVITIES OF THE COUNCIL 
ANNUAL REPORTS 


1916 First Report in Report of the National Academy of Sciences for the year 1916, 
pages 31-36. No copies for distribution. 

1917 Second annual report. Reprinted from the Report of the National Academy of 
Sciences for the year 1917, pages 46-70. No copies for distribution. 

1918 Third annual report. Reprinted from the Report of the National Academy of 
Sciences for the year 1918, pages 39-112. Limited supply distributed free. 

1919 Fourth annual report. Reprinted from the Report of the National Academy of 
Sciences for the year 1919, pages 65-130. No copies for distribution. 

1920 Fifth annual report. Reprinted from the Report of the National Academy of 
Sciences for the year 1920, pages 34-110. 


ORGANIZATION OF THE COUNCIL 


Report to the Engineering Foundation on the origin, foundation and scope of the National . 
Research Council. Presented by Cary T. Hurcuinson, Secretary. New York, 
February 27, 1917. Pages 8. Distributed free, postage 1 cent. 

Members and committees of the National Research Council. Washington, November 
10, 1917. Pages 32. Distributed free, postage 1 cent. 

Executive Order issued by the President of the United States May 11, 1918. Wash- 
ington, 1918. Pages 2. No copies for distribution. 

War organization of the National Research Council. Washington, 1918. Pages 26. 
No copies for distribution. 

Organization of the National Research Council. Preamble. Washington, 1919. 
Pages 6. Distributed free, postage 1 cent. 

Organization and members 1919-1920. Washington, D. C., December 1919. Pages 
26. Distributed free, postage 1 cent. 

The National Research Council. By VERNON KELLOGG. Reprinted from Inter- 
national Conciliation. September, 1920. Pages 8. Distributed free, postage 
1 cent. 

Organization and members 1920-1921. Washington, D. C., December, 1920. Pages 
45. Distributed free, postage 2 cents. 


ORGANIZATION OF DIVISIONS 


Educational relations. VERNON KELLOGG, chairman. Washington, August 15, 1919. 
Pages 7. Limited supply distributed free, postage 1 cent. 

Engineering. GALEN H. CLEVENGER, vice-chairman. Presented at the meeting of 
The American Society of Mechanical Engineers, New York, June, 1919. Pages 
10. Limited supply distributed free, postage 1 cent. 

Engineering. GALEN H. CLEVENGER, acting chairman. Reprinted from Science, 
N. S., July 18, 1919, Vol. 50, pages 58-60. Distributed free, postage 1 cent. 

Division of Engineering, National Research Council, in codperation with Engineering 
Foundation. January, 1921. Pages 4. Distribution free, postage 1 cent. 

Geology and geography. Epwarp B. Matnews, chairman. Washington, 1919. 
Pages 3. Limited supply distributed free, postage 1 cent. 

Medicine and related sciences. RicHARD M. PEARCE, chairman. Washington, 1918. 
Pages 2. Limited supply distributed free, postage 1 cent. 

Research information committee. S. W. Stratron, chairman. Washington, April 
15, 1918. Pages 4. Distributed free, postage 1 cent. 
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States Relations, preliminary announcement. By JoHN C. MERRIAM, chairman. 
Washington, D. C., April, 1920. Pages 7. Limited supply distributed free, 
postage 1 cent. 


ACTIVITIES 


The engineering work of the National Research Council. By Henry M. Howg. Re- 
printed from the Transactions of the American Institute of Mining Engineers, 
1918, pages 1715-1719. Limited supply distributed free, postage 1 cent. 

The National Engineering Societies and the National Research Council. By GrorcE 
E. Hate. Reprinted from the Journal of the American Society of Mechanical 
Engineers, October, 1918, pages 825-829. Limited supply distributed free, 
postage 1 cent. 

The Division of Engineering of the National Research Council in codperation with the 
Engineering Foundation. January, 1921. Pages 16. Limited supply dis- 
tributed free, postage 2 cents. 

Alloys Research Association announcing an informational service. Under the aus- 
pices of the Divisions of Engineering and Research Extension. November, 
1920. Washington, D. C. Pages 18. Distributed free, postage 1 cent. 

A National Research Council. By Grorce E. HaLe. Reprinted from the New York 
Evening Post, October 9, 1916. Pages 2. Distributed free, postage 1 cent. 

National Research Council. Basis of organization and means of codperation with 
state councils of defense. By Grorck E. Hate. Reprinted from the Journal 
of the Franklin Institute, June, 1917, pages 759-766. Distributed free, postage 
1 cent. 

The National Research Council. How it proposes to mobilize the nation’s science 
for industrial progress and military efficiency. By Grorce E. Hae. Re- 
printed from the New York Times, July 26, 1916. Pages 2. Distributed free, 
postage 1 cent. 

National Research Council. Research committees in educational institutions. By 
GrorcEe E. Hate. Reprinted from the Proceedings of the National Academy of 
Sciences, March, 1917, Vol. 3, pages 223-227. Limited supply distributed 
free, postage 1 cent. 

The National Research Council. By VERNON KELLOGG. Reprinted from the De- 
cember, 1920, issue of the North American Review. Pages 8. No copies for 
distribution. 

Better Tools for our scientists, engineers and industrial technical men. By J. R. 
ANGELL. December, 1920, Washington, D. C. Pages 11. Distributed free, 
postage 1 cent. 

The National Research Council and its chemistry committee. By Marston TAYLOR 
Bocert. Reprinted from the Journal of the American Chemical Society, May, 
1917, Vol. 39, pages 841-855. Limited supply distributed free, postage 1 cent. 

The National Research Council and the organization of science. By VERNON KELLOGG. 
Reprinted from The Nation’s Business, November, 1919. Pages 7. Limited 
supply distributed free, postage 1 cent. 

National Research fellowships in physics and chemistry supported by the Rockefeller 
Foundation. March 29, 1919. Pages 4. Limited supply distributed free, 
postage 1 cent. 

National Research fellowships in physics and chemistry supported by the Rockefeller 
Foundation. Washington, D. C., January 1, 1920. Pages 4. Limited supply 
distributed free, postage 1 cent. 

The new International Union of Pure and Applied Chemistry. By Epwarp W. WAsH- 
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BURN. Reprinted from Science, N. S., October 3, 1919, Vol. 50, pages 319-321. 
No copies for distribution. 

Organization of the American Geophysical Union. By Harry O. Woop. Science, 
N. S., March 19, 1920, Vol. 51, pages 297-299. Limited supply distributed 
free, postage 2 cents. ; 

Organization of the American Section of the proposed International Geophysical Union. 
A. A. MiIcHELSON, chairman, F. R. Mou.ton, T. C. CHAMBERLIN. Reprinted 
from Science, N. S., September 5, Vol. 50, pages 233-238, and September 12, 
1919, pages 255-259. Limited supply distributed free, postage 1 cent. 

Outline of plan for an inter-allied research council. Washington, 1918. Pages 2. 
No copies for distribution. 

Report of the Meetings of the International Research Council and of the Affiliated 
Unions held at Brussels, July 18-28, 1919. Presented to the Division of Foreign 
Relations by W. W. CAMPBELL, Chairman, American Delegation to the Inter- 
national Research Council. Reprinted from the Proceedings of the National 
Academy of Sciences, Vol. 6, No. 6, pages 340-348, June, 1920. Limited supply 
distributed free, postage 1 cent. 

Psychology and national service. By RoBERT M. YERKES. Reprinted from the 
Psychological Bulletin, July, 1917, Vol. 14, pages 259-262. Limited supply 
distributed free, postage 1 cent. 

Recommendations of the National Research Council of the United States with respect 
to the formation of an international chemical union. Report by the committee 
on publication of compendia of chemical literature, etc., to the president and 
council of the American Chemical Society. Washington, 1919. Pages 8. 
No copies for distribution. 

War activities of the National Research Council. By Grorcr E. Hatz. Reprinted 
from the Proceedings of the. American Institute of Electrical Engineers, July, 1918, 
pages 909-934. No copies for distribution. 


PROCEEDINGS OF THE COUNCIL 
MINUTES 


Meetings of the Council, its Executive Committee, Executive Board and Interim 
Committee, September 20, 1916, to October 14, 1919. Reprinted from the 
Proceedings of the National Academy of Sciences. Limited supply distributed 
free, postage 1 cent. 


ComMITTEE REPORTS 


Report of the astronomy committee. Presented for the committee by Epwarp C. 
PICKERING, chairman. Reprinted from the Proceedings of the National Academy 
of Sciences, June, 1917, Vol. 3, pages 444-446. Limited supply distributed 
free, postage 1 cent. 

First report of the committee on botany. Presented for the committee by JoHn M. 
CouurErR, chairman. Reprinted from the Proceedings of the National Academy 
of Sciences, August, 1917, Vol. 3, pages 529-530. Distributed free, postage 
1 cent. 

The scope and work of the botanical raw products committee. Presented for the com- 
mittee by Epwarp M. East, chairman. Reprinted from the Proceedings of 
the National Academy of Sciences, December, 1917, Vol. 3, pages 731-733. Dis- 
tributed free, postage 1 cent. : 

Report of the committee on ceramic chemistry. Presented for the committee by E. 
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W. WasHeurn, chairman. Washington, April, 1919. Pages 6. No copies 
for distribution. 

Report of the committee on ceramic research joint committee with the American Ceramic 
Society, with reference to a plan for the establishment of a system of research 
fellowships in ceramics supported by the industries. Submitted by ALBERT V. 
BLEININGER, chairman. November 19, 1919. Pages 9. No copies for dis- 
tribution. 

Report of the Chairman at the annual meeting of the Division of Chemistry and Chem- 
ical Technology. Reprinted from the Journal of Industrial and Engineering 
Chemistry, Vol. 12, No. 9, page 911. September, 1920. Limited supply dis- 
tributed free, postage 2 cents. 

Clean coal; the effect of high ash upon thermal efficiency, amount of boiler plant, 
amount of transportation equipment. Report prepared by the J. G. WHITE 
ENGINEERING CORPORATION and transmitted by the Engineering Committee 
of the National Research Council to the Committee on Clean Coal. Reprinted 
by Tue J. G. Wurre ENGINEERING CoRPORATION, New York, January, 1918. 
Pages 8. No copies for distribution. 

Report of the geology and paleontology committee. Presented for the committee by 
J. M. CLARKE, chairman. Reprinted from the Proceedings of the National 
Academy of Sciences, December, 1917, Vol. 3, pages 721-724. Distributed 
free, postage 1 cent. 

An investigation of conditions in the departments of the preclinical sciences. Report 
of a committee of the Division of Medical Sciences of the National Research 
Council. Presented by JosEPpH ERLANGER, chairman. Reprinted from The 
Journal of the American Medical Association, April 17, 1920, Vol. 74, pages 1117- 
1122. Distributed free, postage 1 cent. 

Psychology in relation to the war. By Ropert M. YerKEs. Reprinted from The 
Psychological Review, March, 1918, Vol. 25, pages 85-115. Limited supply dis- 
tributed free, postage 2 cents. 

First report of the committee on zodlogy. Presented by Epwin G. Conx1in, chairman. 
Reprinted from the Proceedings of the National Academy of Sciences, December, 
1917, Vol. 3, pages 724-731. Distributed free, postage 1 cent. 


SCIENCE AND INDUSTRY 
GENERAL SURVEYS 


Industrial research and national welfare. By Grorcke E. Hate. Reprinted from 
Science, N. S., November 22, 1918, Vol. 48, pages 505-507. Limited supply 
distributed free, postage 1 cent. 

Industrial research and national welfare. By Extmu Root. Reprinted from Science, 
N. S., November 29, 1918, vol. 48, pages 532-534. Limited supply distributed 
free, postage 1 cent. 

The national value of scientific research. By Grorck E. Hate. Reprinted from 
The Technology Review, November, 1916, Vol. 18, pages 801-817. Distributed 
free, postage 1 cent. 

The organization of research. By James R. ANGELL. Reprinted from the Journal 
of Proceedings and Addresses of the Association of American Universities, Twenty- 
first Annual Conference, November 7 and 8, 1919, pages 27-41. Distributed 
free, postage 1 cent. 


‘The organization of research in our American democracy. By James R. ANGELL. 


Preprinted from the Proceedings of the Institute of Medicine of Chicago. March 
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5, 1920. Pages 18. Distributed free, postage 2 cents. 

Research in America after the war. By R. A. Mmuixan. Reprinted from the Trans- 
actions of the American Institute of Electrical Engineers, 1919, pages’ 129-140. 
Distributed free, postage 1 cent. 

The research spirit in everyday life of the average man. By JoHn C. MERRIAN. 
Reprinted from Science, N. S., Vol. LII, No. 1351, pages 473-478, November, 
1920. No copies for distribution. 

Science and national progress. Reprinted from Scientific American Monthly. 
January, 1920. Pages 5. Distributed free, postage 1 cent. 

February, 1920. Food as a national interest. By VERNON KELLOGG. The 
ceramic industries. Pages 3. No copies for distribution. 

April, 1920. Bubbles, dropsand grains. By Wi.pER D. Bancrort. Government 
maps. By Epwarp B. Maruews. Pages 5. Distributed free, postage 1 cent. 

May, 1920. Blue eyes and blue feathers. By WimpER D. Bancrorr. Meat 
and milk in the food supply. (Report of the committee on food and nutrition 
of the National Research Council, April 3, 1920.) Pages 4. Distribution 
free, postage 1 cent. 

June, 1920. Selenium and tellurium. By Victor LENHER. The search for 
cereals. By H.E.Howsg. Pages3. Distributed free, postage 1 cent. 

July, 1920. Fog and smoke. By Wiper D. Bancrorr. The use and value 
of physical and chemical constants. By HucnH K. Moors. Pages 7. Distri- 
buted free, postage 1 cent. 

October 1920. Institute for plant protection. By H. H. Wuerze,. Pages 
2. Distributed free, postage 1 cent. 

November, 1920. Scientific survey of the Pacific. By CrarRK WISSLER. 
Pages 3. Distributed free, postage 1 cent. 

December, 1920. X-rays and atomic structure. By Aucustus TROWBRIDGE. 
Research—An aid to forest perpetuation. Pages 7. Limited supply distri- 
buted free, postage 1 cent. 

January, 1921. Our leprosy problem. Bubonic plague. Pages 2. Dis- 
tributed free, postage 1 cent. 

Science and our social problem. By VERNON KELLOGG. Reprinted from The Review. 
August 23, 1919. New York. Pages 7. No copies for distribution. 

Topical discussion on codperation in industrial research. By EpGAR Marsurec and 
others. Reprinted from the Proceedings of The American Society for Testing 
Materials, 1918, Vol. 18. Part 2. Pages 63. Limited supply distributed 
free, postage 3 cents. 


Spgciric SURVEYS 


A bibliography of investigations bearing on the composition and nutritive value of corn 
and corn products. By HkLEN M. Keiru. Price $2.00, postage 17 cents. 

The function of educational institutions in development of research. By Joun C. 
Merriam. Reprinted from the University of California Chronicle, April, 
1920, pages 183-142. Limited supply distributed free. Postage 1 cent. 

The nitrogen problem in relation to the war. By ArtHur A. Noyvks. Reprinted 
from the Journal of the Washington Academy of Sciences, fune 19, 1918, Vol. 8, 
pages 381-394. Limited supply distributed free, postage 1 cent. 

The place of the university in chemical war work. By E. W. WasHBuURN. Reprinted 
from the Journal of Industrial and Engineering Chemistry, October, 1918, Vol. 
10. Pages 7. No copies for distribution. 

Scientific publications from Germany. By Pavut, Brockxerr. Reprinted from the 
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Proceedings of the National Academy of Sciences, December, 1917, Vol. 3, pages 
717-721. Limited supply distributed free, postage 1 cent. 

Scientific research for national defense as illustrated by the problems of aeronautics. 
By Lt. Col. Gzorcz O. Squier. Reprinted from the Proceedings of the National 
Academy of Sciences, December, 1916. Vol. 2. Pages 3. Distributed free, 
postage 1 cent. 

Submarines in periodical literature from 1911 to 1917. Compiled by HzeLEn R. Hos- 
MER. Reprinted from the Journal of the Franklin Institute, August, 1917, pages 
251-306. No copies for distribution. 

The value of codperative research in the development of the zinc industry. By JoHN 
Jounston. Reprinted from the Report of the Organization Proceedings of the 
American Zinc Institute, October, 1918. Pages 7. No copies for distribution. 


Text Booxs 


Introductory meteorology. Prepared and issued under the auspices of the National 
Research Council, Division of Geology and Geography. 1918. Yale Uni- 
versity Press. Price $1.00. 

Military geology and topography. Prepared and issued under the auspices of the 
National Research Council, Division of Geology and Geography. 1918. Yale 
University Press. Price $1.25. 

The geography of Europe. Prepared and issued under the auspices of the Division of 
Geology and Geography, National Research Council. 1918. Yale University 
Press. 

Outlines of the study of human action for the Students’ Army Training Corps: 

1. Courses in psychology for the Students’ Army Training Corps. Reprinted 
from the Psychological Bulletin, April, 1918, Vol. 15, pages 129-136. Dis- 
tributed free, postage 1 cent. 

2. The conditions of effective human action. By RaymMonp Dopck. Re- 
printed from the Psychological Bulletin, May, 1918, Vol. 15, pages 137-147. 
Distributed free, postage 1 cent. 

3. Individual differences. By E. L. Tuornpike. Reprinted from the Psy- 
chological Bulletin, May, 1918, Vol. 15, pages 148-159. Distributed free, 
postage 1 cent. 

4. Tests of general intelligence. By L. M. TERMAN. Reprinted from the 
Psychological Bulletin, May, 1918, Vol. 15, pages 160-167. Distributed 
free, postage 1 cent. 

5. The use of intelligence tests in the army. By L. M. TERMAN. Reprinted 
from the Psychological Bulletin, June, 1918, Vol. 15, pages 177-187. Dis- 
tributed free, postage 1 cent. 

6. How the army uses individual differences in experiences. By various mem- 
bers of the committee on the classification of personnel in the army. Re- 
printed from the Psychological Bulletin, June, 1918, Vol. 15, pages 187-206. 
Distributed free, postage 2 cents. 

7. The obtaining of information: psychology of observation and report. By 
Guy Montrosgk WHIPPLE. Reprinted from the Psychological Bulletin, July, 
1918, Vol. 15, pages 217-248. Limited supply distributed free, postage 
2 cents. 

8. The learning process. By Epwarp K. Srronc, Jr. Reprinted from the 
Psychological Bulletin, October, 1918, Vol. 15, Pages 328-342. Distributed 
free, postage 1 cent. 

9. Morale in war and after. By G. Sranuey Hau. Reprinted from the 
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Psychological Bulletin, November, 1918, Vol. 15, pages 361-426. Distributed 
free, postage 3 cents. 


REPORTS OF RESEARCH 


Apvisory COMMITTEE ON THE TOXICITY OF PRESERVED Foops 

The bacteriology of canned foods. By JoHN WErINzIRL. Reprinted from The Journal 
of Medical Research, January, 1919, Vol. 39, pages 349-413. No copies for dis- 
tribution. 

Carbohydrate fermentation by bacteria as influenced by the composition of the medium. 
By J. BRONFENBRENNER and M. J. ScHLESINGER. Reprinted from the Pro- 
ceedings of the Society for Experimental Biology and Medicine, 1918, Vol. 16, 
pages 44-46. No copies for distribution. 

On methods of isolation and identification of the members of the colon-typhoid group 
of bacteria. Late fermentation of lactose. By J. BRONFENBRENNER and C. R. 
Davis. Reprinted from The Journal of Medical Research, September, 1918, 
Vol. 39, pages 33-37. No copies for distribution. 

On methods of isolation and identification of the members of the colon-typhoid group 
of bacteria. The preparation of milk and milk-whey as culture medium. By 
J. BRONFENBRENNER, C. R. Davis, and K. MorisHmma. Reprinted from 
The Journal of Medical Research, January, 1919, Vol. 39, pages 345-348. No 
copies for distribution. 

The micro plate. A simple procedure for study of bacterial activity. By J. Bron- 
FENBRENNER and M. J. SCHLESINGER. Reprinted from The Journal of Medical 
Research, November, 1918, Vol. 39, pages 267-270. No copies for distribution. 

A new indicator for direct reading of hydrogen ion concentration in growing bacterial 
cultures. By J. BRONFENBRENNER. Reprinted from The Journal of Medical 
Research, September, 1918, Vol. 39, pages 25-32. No copies for distribution. 

A rapid method for the identification of bacteria fermenting carbohydrates. By J. 
BRONFENBRENNER and M. J. SCHLESINGER. Reprinted from American Jour- 
nal of Public Health, December, 1918, pages 922-923. No copies for dis- 
tribution. 

Studies on canning. An apparatus for measuring the rate of heat penetration. By 
W. T. Boviz and J. BRONFENBRENNER. Reprinted from the Journal of Indus- 
trial and Engineering Chemistry, June, 1919, Vol. 11. Pages 7. No copies for 
distribution. 

A study of the micro-organisms found in merchantable canned foods. By E. W. Cuxy- 
NEY. Reprinted from The Journal of Medical Research, July, 1919, Vol. 40, 
pages 177-197. No copies for distribution. 


CHEMISTRY 


An improved method for the quantitative determination of caffeine in vegetable ma- 
terial. Ilex vomitoria as a native source of caffeine. Investigations undertaken 
at the request of the Division of Chemistry and Chemical Technology of the 
National Research Council. By FREDERICK B. Power and Victor K. CHEs- 
nut. Reprinted from the Journal of the American Chemical Society, August, 
1919, Vol. 41, pages 1298-1312. Distributed free, postage 1 cent. 

Anti-dimming preparations for gas masks. Investigation undertaken at the request 
of the Division of Chemistry and Chemical Technology of the National Research 
Council. By Harry N. Homes, F. F. Jewett, Guapys LEAVELL, DorTHA 
Bar.zy and Epna SHaver. Reprinted from the Journal of Industrial and Engi- 
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neering Chemistry, December, 1919, Vol. 11, 13 pages. Distributed free, post- 
age 1 cent. : 

Studies on the nitrotoluenes. I—Binary systems of a nitrotoluene and symmetrical 
trinitrometoxylene. Investigation undertaken at the request of the Division of 
Chemistry and Chemical Technology of the National Research Council. By 
James M. Bewt and James P. Sawyer. Reprinted from the Journal of Indus- 
trial and Engineering Chemistry, November, 1919, Vol. 11. Pages 9. Distrib- 
uted free, postage 1 cent. 

Studies on the nitrotoluenes. II—Refractive indices of mixtures of p-nitrotoluene, 
1,2,4-dinitrotoluene and 1,2,4,6-trinitrotoluene. Investigation undertaken 
at the request of the Division of Chemistry and Chemical Technology of the 
National Research Council. By James M. Bei. and Epmunp O. CumMINes. 
Reprinted from the Journal of Industrial and Engineering Chemistry, November, 
1919, Vol. 11. Pages 3. Distributed free, postage 1 cent. 

Studies on the nitrotoluenes. III—Binary systems of the components p-nitrotoluene, 
1,2,4-dinitrotoluene, 1,2,4,6-trinitrotoluene. Investigation undertaken at the 
request of the Division of Chemistry and Chemical Technology of the 
National Research Council. By James M. Be. and Caries H. Herry, Jr. 
Reprinted from the Journal of Industrial and Engineering Chemistry, Decem- 
ber, 1919, Vol. 11. Pages10. Distributed free, postage 1 cent. 

Studies on the nitrotoluenes. IV—The three-component system: p-nitrotoluene, 
1,2,4-dinitrotoluene, 1,2,4,6-trinitrotoluene. Investigation undertaken at the 
request of the Division of Chemistry and Chemical Technology of the 
National Research Council. By James M. and Cuaries H. Herty, Jr. 
Reprinted from the Journal of Industrial and Engineering Chemistry, December, 
1919, Vol. 11. Pages 6. Distributed free, postage 1 cent. 


ENGINEERING 


Effect of cold-working and rest on resistance of steel to fatigue under reversed stress. 
Report of research under the auspices of the National Research Council. By 
H. F. Moorg and W. J. Putnam. Reprinted from the Bulletin of the American 
Institute of Mining Engineers, 1919, pages 391-404. Distributed free, postage 
1 cent. 

Microstructural features of flaky steel. Report of research under the auspices of the 
National Research Council. By Henry S. Rawpon. Reprinted from the 
Bulletin of the American Institute of Mining Engineers, 1919, pages 183-201. 
Distributed free, postage 1 cent. 

Path of rupture in steel fusion welds. Report of research under the joint auspices of 
National Research Council and Emergency Fleet Corporation. By S. W. 
Muer. Reprinted from the Bulletin of the American Institute of Mining Engi- 
neers, 1919, pages 312-338. Distributed free, postage 1 cent. 

Production of ferromanganese in the blast furnace. Report of research under the joint 
auspices of the U. S. Bureau of Mines and the National Research Council. By 
P. H. Royster. Reprinted from the Bulletin of the American Institute of Mining 
Engineers, 1919, pages 367-378. Distributed free, postage 1 cent. 

Use of manganese alloys in open-hearth practice. Report of research under the joint 
auspices of the U. S. Bureau of Mines and the National Research Council. By 
SamugL L. Hoyt. Reprinted from the Bulletin of the American Institute of 
Mining Engineers, 1919, pages 277-289. Distributed free, postage 1 cent. 

Welding mild steel. Report of research under the joint auspices of the National Re- 
search Council and the Emergency Fleet Corporation. Presented by H. M. Ho- 
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BART, chairman, Welding Research Sub-committee. Reprinted from the Bul- 
letin of the American Institute of Mining Engineers, 1919, pages 517-565. Dis- 
tributed free, postage 2 cents. 


EXPLOSIVES INVESTIGATIONS COMMITTEE 


The hygroscopicity of tri-nitrotoluene. Report of research under the joint auspices 
of the U. S. Bureau of Mines and the National Research Council. By WmLBERT 
J. Hurr. Report No. 101-c-25, April 22, 1919. Pages 8. No copies for 
distribution. 

The preparation of hexanitro-diphenylamine from chlorobenzene. Report of research 
under the joint auspices of the U. S. Bureau of Mines and the National Research 
Council. By E. J. Horrman and Perry A. Dame. Reprinted from the Journal 
of the American Chemical Society, June, 1919, Vol. 41, pages 1013-1020. No 
copies for distribution. 

Papers published in Professional Memoirs, Corps of Engineers, United States Army 
and Engineer Department at Large, May-June, 1919, Vol. 11, pages 259-276: 

“Adobe” shot with grade III TNT on boulder. By J. E. Trrrany. 

Report of tests to demonstrate the adaptability of grade III TNT for 
clearing land, or similar uses. By W. J. MontTGomERy. 

Report of shot of grade III TNT under water. By W. J. Montcomgry. 

Report on breaking concrete piers with adobe shots of grade III TNT 
and 40 per cent straight nitroglycerin dynamite. By A. B. Coatss. 

Report of tests to determine the adaptability of grade III TNT for shoot- 
ing oak stumps. By W. J. Montcomery. No copies for dis- 
tribution. 

Sensitiveness of explosives to frictional impact. Report of research under the joint 
auspices of the U. S. Bureau of Mines and the National Research Council. By 
S. P. Howett. Technical Paper 234, 1919. Pages 17. Limited supply dis- 
tributed free, postage 1 cent. 

TNT as a blasting explosive. Report of research under the joint auspices of the U. S. 
Bureau of Mines and the National Research Council. By CuHartes E. MUNROE 
and Spencer P. Howeiy. U. S. Department of Agriculture, Department 
Circular 94, May, 1920. Pages 24. No copies for distribution. 

Use of TNT, a war-salvaged explosive, for peace-time purposes. By JoHN SWENE- 
HART. House Document No. 720, 66th Congress, 2nd Session, April 10, 1920. 
Pages 4. No copies for distribution. 

Products of detonation of TNT. By Caries E. Munrog and Spencer P. HowELu. 
Reprinted from the Proceedings of the American Philosophical Society, Vol. 59, 
pages 194-223. April, 1920. Limited supply distributed free, postage 2 cents. 

Notes on spontaneous explosions of nitroglycerin in oil and gas wells. By R. E. Cot- 
Lom. Reports of Investigations, Bureau of Mines, May, 1920. Pages 8. 
Limited supply distributed free, postage 2 cents. 

The cause and prevention of after-corrosion of the bores of firearms. By WILBERT 
J. Hur‘. Reprinted from the Journal of Industrial and Engineering Chemistry, 
Vol. 12, pages 862-870. September, 1920. Limited supply distributed free, 
postage 2 cents. 

Modified TNT as a blasting explosive. By CHARLES E. Munror and SPENCER P. 
Howz.u. Reprinted from Public Roads, Vol. 3, pages 27-28. October, 1920. 
Limited supply distributed free, postage 2 cents. 
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MEDICAL SCIENCES 


The fermentation reactions of certain streptococci. XLII. Studies in bacterial 
metabolism. Investigation undertaken at the request of the Division of Medicine 
and Related Sciences, National Research Council. By ArTHur I. KENDALL, 
ALEXANDER A. Day, ARTHUR W. WALKER, and Marjorre Ryan. Reprinted 
from The Journal of Infectious Diseases, September, 1919, Vol. 25, pages 189-206. 
Distributed free, postage 2 cents. 

On the morphology and mitosis of Chilomastix mesnili (Wenyon), a common flagellate 
of the human intestine. By A. Kororm and OLIvE Swezy. Reprinted 
from the University of California Publication in Zoélogy, April 23, 1920, Vol. 20, 
pages 117-144. Distributed free, postage 2 cents. 

Observations on the toxicity of tetranitromethylaniline (tetryl), tetranitroxylene 
(T. N. X.), tetranitraniline (T. N. A.), dinitrodichlorbenzene (parazol) and 
metanitraniline. By H. Gipgon WELLS. June, 1920. Reprinted from the 
Journal of Industrial Hygiene, November, 1920, Vol. 2, No. 7, pages 247-252. 
Limited supply distributed free, postage 1 cent. 


PsyCHOLOGY 


Army mental tests. Methods, typical results and practical applications. Washing- 
ton, D. C., November 22, 1918. Pages 23. Distributed free, postage 1 cent. 

The measurement and utilization of brain power inthe army. By RoBERT M. YERKES. 
Science, N. S., March 7, pages 221-226 and March 14, 1919, pages 251-259. 
Limited supply distributed free, postage 3 cents. 

Mental tests in industry. By Rospert M. Yerkes. Reprinted from the Bulletin 
of the American Institute of Mining Engineers, 1919, pages 405-419. No copies 
for distribution. 


BULLETIN OF THE NATIONAL RESEARCH COUNCIL 


The Bulletin of the National Research Council presents contributions from the 
National Research Council, other than proceedings, for which hitherto no appropriate 
agencies of publication have existed. 

The “Bulletin” is published at irregular intervals. The subscription price, — 
postpaid, is $5 per volume of approximately 500 pages. Numbers of the “Bulletin” 
are sold separately at prices based upon the cost of manufacture. 


(To November, 1921) 
VoLuME 1 


Number 1. The national importance of scientific and industrial research. By 
GrorcE ELLERY HALE and others. October, 1919. Pages 43. Price 50 cents. 

Number 2. Research laboratories in industrial establishments of the United States 
of America. Compiled by ALrrep D. FLInN. March, 1920. Pages 85. 

Number 3. Periodical bibliographies and abstracts for the scientific and technological 
journals of the world. Compiled by R. Cops. June, 1920. Pages 24. Price 
40 cents. 

Number 4. North American forest research. Compiled by the Committee on Amer- 
ican Forest Research, Society of American Foresters. August, 1920. Pages 
146. Price $2.00. 

Number 5. The quantum theory. By Epwin P. Apams. October, 1920. Pages 
81. Price $1.00. 
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Number 6. Data relating to X-ray spectra. By Wu.1am Duane. November, 
1920. Pages 26. Price 50 cents. 

Number 7. Intensity of emission of X-rays and their reflection from crystals. By 
BERGEN Davis. Problems of X-ray emission. By Davip L. WEBSTER. De- 
cember, 1920. Pages 47. Price 60 cents. 

Number 8. Intellectual and educational status of the medical profession as repre- 
sented in the United States Army. By MARGARET V. Coss and Ropgert M. 
Yerkes. February, 1921. Pages 76. Price $1.00. 


VOLUME 2 


Number 9. Funds available in 1920 in the United States of America for the encourage- 
ment of scientific research. Compiled by Canim Hutt. March, 1921. Pages 
81. Price $1.00. 

Number 10. Report on photo-electricity including ionizing and radiating potentials 
and related effects. By ARTHUR LLEWELYN Hucues. April, 1921. Pages 87. 
Price $1.00. 

Number 11. The scale of the universe. Part I by Hartow SuHapiey. Part II by 
Heser D. Curtis. May, 1921. Pages 47. Price 60 cents. 

Number 12. Codéperative experiments upon the protein requirements for the growth 
of cattle. First report of the Subcommittee on Protein Metabolism in Animal 
Feeding. By Henry Prentiss Armssy, Chairman. June, 1921. Pages 70. 
Price $1.00. 

Number 13. The research activities of departments of the state government of Cali- 
fornia in relation to the movement for reorganization. By James R. Douc.as. 
June, 1921. Pages 46. Price 60 cents. 

Number i4. A general survey of the present status of the atomic structure problem. 
Report of the Committee on Atomic Structure of the National Research Council. 
By Davin L. and Pack. July, 1921. Pages 61. Price 75 
cents. 

Number 15. A list of seismological stations of the world. Compiled by Harry,O. 
Woop. (In press.) 


REPRINT AND CIRCULAR SERIES OF THE NATIONAL RESEARCH 
COUNCIL 


(To November, 1921) 


Number 1. Report of the Patent Committee of the National Research Council. 
Presented for the Committee by L. H. BAEKELAND, Acting Chairman. Feb- 
ruary, 1919. Pages 24. Price 30 cents. 

Number 2. Report of the Psychology Committee of the National Research Council. 
Presented for the Committee by RopertT M. YERKES, Chairman. March, 
1919. Pages 51. Price 60 cents. 

Number 3. Refractory materials as a field for research. By Epwarp W. WASHBURN. 
January, 1919. Pages 24. Price 30 cents. 

Number 4. Industrial. research. By F. B. Jewett. 1918. Pages 16. Price 25 
cents. 

Number 5. Some problems of sidereal astronomy. By Hrenry N. RussEwL. Octo- 
ber, 1919. Pages 26. Price 30 cents. 

Number 6. The development of research in the United States. By James Row- 
LAND ANGELL. November, 1919. Pages 13.. Price 25 cents. 

Number 7. The larger opportunities for research on the relations of solar and ter- 
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restrial radiation. By C. G. Apsor. February, 1920. Pages 14. Price 20 
cents. 

Number 8. Science and the industries. By Joun J. Carty. February, 1920. 
Pages 16. Price 25 cents. 

Number 9. A reading list on scientific and industrial research and the service of the 
chemist to industry. By CLarENcE Jay West. April, 1920. Pages 45. 
Price 50 cents. 

Number 10. Report on organization of the International Astronomical Union. Pre- 
sented for the American Section, International Astronomical Union, by W. W. 
CAMPBELL, Chairman, and Jor. Sressins, Secretary. June, 1920. Pages 48. 
Price 50 cents. 

Number 11. A survey of research problems in geophysics. Prepared by Chairmen 
of Sections of the American Geophysical Union. October, 1920. Pages 57. 
Price 60 cents. 

Number 12. Doctorates conferred in the sciences in 1920 by American universities. 
Compiled by Cattm Hutt. November, 1920. Pages 9. Price 20 cents. 
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